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ENGINEERING AND DESIGN 

DESIGN OF STRUCTURES TO RESIST THE EFFECTS OF ATOMIC WEAPONS 
SINGLE-STORY FRAME BUILDINGS 

INTRODUCTION 

7-OI PURPO SE AND SCOPE. This manual is one in a series issued for the 
guidance of engineers engaged in the design of permanent type military 
structures required to resist the effects of atomic weapons. It is appli- 
cable to all Corps of Engineers activities and installations responsible 
for the design of military construction. 

The material is based on the results of full-scale atomic tests anri 
analytical studies. The problem of designing structures to resist the ef- 
fects of atomic weapons is new and the methods of solution are still in the 
development stage. Continuing studies are in progress and supplemental 
material will be published as it is developed. 

The methods and procedures were developed through the collaboration 
of many consultants and specialists. Much of the basic analytical work /as 
done by the engineering firm of Ammann and Whitney, New York City, under 
contract with the Chief of Engineers. The Massachusetts Institute of Tech- 
nology was responsible, under another contract with the Chief of Eng ineers, 

A 

for the compilation of material and for the further study and development 
of design methods and procedures. 

It is requested that any errors and deficiencies noted and any sug- 
gestions for improvement be transmitted to HQDA (DAEN-MCE-D) 

WASH DC 20314. 

7-02 REb'KHENCES. Manuals - Corps of Engineers - Engineering and Design, 
containing interrelated subject matter are listed as follows: 

DESIGN OF STRUCTURES TO RESIST THE EFFECTS 
OF ATOMIC WEAPONS 

EM 1110-345-413 weapons Effects Data 

EM 1110-345-414 Strength of Materials and Structural Elements 
EM 1110-345-415 Principles of Dynamic Analysis and Design 
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7 - 02a 


EM 1110-345-416 
EM 1110-345-417 
EM 1110-345-418 
EM 1110-345-419 
EM 1110-345-420 
EM 1110-345-421 


Structural Elements Subjected to Dynamic Loads 

Single-Story Frame Buildings 

Multi-Story Frame Buildings 

Shear Wall Structures 

Arches and Domes 

Buried and Semi -Buried Structures 


a. References to Material in Other Manuals of This Series. In the 
text of this manu al references axe made to paragraphs, figures, equations. 


and tables in the other manuals of this series in accordance with the 
number designations as they appear in these manuals. The first part of the 


desi gnat ion which precedes either a dash, or a decimal point, identifies a 


particular manual in the series as shown in the table following. 


EM 

1110-345-413 

1110-345-414 

1110-345-415 

1110-345-416 

1110-345-417 

1110-345-418 

1110-345-419 

1110-345-420 

1110-345-421 


paragraph 

figure 

equation 

3 - 

3. 

(3. ) 

4- 

4. 

(4. ) 

5- 

5. 

(5- ) 

6- 

6. 

(6. ) 

7- 

7- 

(7- ) 

8- 

8. 

(8. ) 

9- 

9* 

(9- ) 

10- 

10. 

( 10 . ) 

11 - 

11. 

(11. ) 


table 

3 - 

4 . 

5 - 

6 . 

7 - 

8 . 

9 - 

10 . 

11 . 


b. List of Symbols. Definitions of the symbols used throughout this 
mann a! series are given in a list following the table of contents in EM 
1110-345-413 through EM 1110-345-416. 

7-03 RESCISSIONS. (Draft) EM 1110-345-417 (Part XXIII - The Design of 
Structures to Resist the Effects of Atomic Weapons, Chapter 7 - Single- 
Story Frame Buildings ) . 

Y-OL GENERAL. This manual presents four numerical examples illustrating 
design procedures and principles given in EM 1110-345-413 through -4l6. 

The examples presented are as follows: 

(1) The design of a one-story steel frame building, plastic deforma- 
tion permitted. 

(2) The design of a one-story steel frame building, elastic behavior. 

( 3 ) The design of a one-story reinforced concrete frame building, 
plastic deformation permitted. 

(4) The design of a one-story reinforced concrete frame building, 
elastic and elasto-plastic behavior. 
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Before illustrating the design of buildings to resist blast loads it 
is desirable to describe the behavior of the elements of a building fr am e 
subjected to blast loads. Accordingly, the first part of this manual is 
devoted to a description of the response of single-story frame buildings to 
vertical and lateral blast loads. In the general discussion of frames, it 
is assumed that the exterior walls are framed vertically between the founda- 
tion and the roof so that the columns are loaded laterally only at the top 
of the frame and are not subject to direct lateral loads such as to cause 
them to resist these loads by beam action. Columns subjected to directly 
applied lateral loads are discussed briefly in paragraph 7-12. 

7-05 BEHAVIOR OF SINGLE-STORY FRAMES. Single-story frame buildings sub- 
jected to lateral blast loads suffer a lateral deflection which is deter- 
mined by the mass, stiffness, and strength of the structure, the variation 
of loading with time, the distribution of load on the structure, and the dy- 
namic behavior of the walls and roof. The lateral loads on all walls are 
transmitted to the roof and the foundations by vertical framing and are 
carried laterally by the roof slab or roof lateral bracing to the girders 
of the frame which in turn transmit the load to the columns . The columns 
carry the lateral loads to the foundation where the reactions are provided 
by friction and passive pressure forces. The lateral blast loads on the 
walls are transmitted to the frame girders by either a lateral truss system 
spanning between frames, or by the roof slab acting as a deep lateral beam. 

The resistance of a building frame to lateral loads is a function of 
the stiffness of the frame columns to relative displacement of the roof and 
the foundation. The equivalent 

f — H 

F 


single-degree-of-freedom dynamic 
system for the single- story frame 
is a concentrated mass supported 
by a massless spring having the 
lateral resistance properties of 
the columns (fig. 7.l). The be- 


h 


C]M°ss 

Spring 

imr 


- Moss (Si) 


Figure 7.1. Single-story frame and equivalent 
dynamic system 


havior of columns in a frame, and the procedure for designing the columns 
in single-story buildings, are discussed in paragraphs 7-0 6 to 7-10. The 
design of roof girders is covered in paragraph 7-H* 
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7-06 SHEAR AMD MOMENT RESISTANCE OF COIIMS., Each column resists the lat- 
eral motion of the frame through the action of shear forces and bending 
moments in the columns as indicated in figure 7-2. The shear resistance 

in terms of the column bending 



moments and tlie axial load is 


Figure 7.2 - Shear resistance and 
bending moments in a column 
subjected to lateral displace- 
ment and vertical load 


R = 


R = - 


M + Mo - P* 

~ (elastic range) (7-1 

h. 

U + VL - Tx 

JT (plastic range) (7- la 


where h is the clear height of the column as in figure 7-1 

C 


In the elasti 

radge the effect of joint rotation should be included. Thus, using slope- 
deflection equations .here Oj and % are joint rotations at bottom and top 
of the column, respectively, the moments are 


+ e B- hO 


«T - TT K 


(7-2] 


jn the plastic range the top and bottom moments are assumed to be 
equal to a maximum moment Mp so that 

2M^ - Px 


R = R = 
m 


(7-3 


The value of to be used in equation (7-3) i s a variable dependent 
upon the direct stress. The effect of direct stress is discussed in para- 
graphs 4-07, 4- lib, and 7-07- If there is no direct stress, ^ can be re- 
placed by Mp giving 

JP ( 7 . 3 a 


R m ~ h 

c 

In equations ( 7 . 1 ) and (7-3), K is a function of M, P, x, and b 
3 r h . In a given design two of the four factors are known; h and h, 
are constants and P is of known variation with time. The remaining two 
terms are related; i.e., for a given column, M is a function of x and 
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so that the variation of M and then R may he determined from the varia- 
tion of x and P . 

For a frame with infinitely rigid girders, in the elastic range, the 
relationship between M and x in any column is obtained from equa- 
tion (7.2) by setting 0^ = 0^ = 0. 


h 


(7-4) 


With infinitely rigid girders in the elastic range equation ( 7 . 1 ) becomes 


2M - Px 12EIx Px 


Equation (7-5) may be written in the form 


R = kx - 


from which the equation for k for one column is 


(7-5) 


(7-6) 


(7.7) 


To obtain the maximum elastic displacement x & defined by figure 7 . 3 , it is 
} necessary to obtain the maximum or plastic resistance R and divide by the 
spring constant k . For a complete frame with n col umn s from equa- 
tion ( 7 . 7 ) 


k = n 


(7-8) 


and from equation ( 7 . 3 a), neglecting the entire effect of direct stress 

2M P 


so that 


R = n 
m 


R 

* =1? 

e k 


(7.9) 


( 7 . 10 ) 


Equations (7.8) and (7-9) apply only when all the columns of the story are 
identical in strength and stiffness. If this condition is not true, the 
equations are modified as follows: 


12E2I 


(7-11) 
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R m = IT" 

where 

S Mp = sum of plastic column moments in the story, and 
ZI = sum of I values for all columns in the story. 

For the case in which the direct stress is considered important, the 
maximum resistance equation from equation (7-3) becomes 

2M^n - Px CM2) 

R m h c 

and the maximum elastic displacement from equation (7-10) becomes 

3 *5 

Pxlr (7-13) 

x e " 6EIh~~ ' 12EInh 
c u 


1 

( 7 . 11 a) 


. .. _ of . p (par 7-07). Equation (7-12) should be used 

where 1L is a function of P (.Par. I uf j. a ^ 

in num^ical analyses where the effect of P and x can be introduced. 

For preliminary design purposes wherein it is desirable in or er o ^ 
simplify the computations, to account for the approxima e 
the design should be based on 

_ “V; (7.1*0 

R m _ h c 

, m thk KFFECT OF DTOCT gBSS ON COM BFSISTAUCg,, vaiue of y 

1 TJT J 2 ) Md ( 7 . 13 ) lo variable dependent upon tie 

to be used in equations (J.12J ana W for 

/ a k 07 and 4 - 11 ). The relationship is different 

; ti::. * — . — — « r 

— - «« — - ; rr 

* limited tut ° structural steel section carryir. both 

momlnt has a louer ferrying " 

tie same section carrying only bending moment. 

... _-| as +ic deflection when significant axia 
me limiting elastic defle ^ ls determined from a 

Pre8eBt o ; rpre^ed as described in paragraphs .-07 and .-11 (see 

curve of P D £P » ^ ^ ^ ^ ^ „ as determined from edua- 

figs. ■ an • together determine a point on the P D “ ll D 

tion (7.4) and the axial load P togetner 
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graph which is inside the curve, the action of the column is elastic, and 
the M as calculated is used to determine R from equation (7.5). If the 
point determined by the values of P and M lies outside the 
curve, the action is plastic and the limiting moment is the value of 
corresponding to the axial load P . 

In the preliminary design of reinforced concrete frames, it is de- 
sirable to introduce the increased bending strength that results from axial 
stress in the columns. If this effect is neglected, the preliminary design 
is generally very conservative. By introducing the direct stress effect a 
more reasonable column size can be determined. 

For steel columns the effect of direct stress is much less important 
and. In most cases, reasonable results are obtained by neglecting the ef- 
fect of direct stress in the preliminary column design method of this 
manual. However, the effect of direct stress is usually considered in mak- 
ing the numerical analysis which is used to check the preliminary design. 
Column buckling under combined axial load and bending must be prevented in 
order to maintain the lateral resistance of the frame. In many designs the 
column section is determined by buckling considerations. For the buckling 
criteria refer to paragraph 4-07. 

In the numerical integration method used to check the preliminary de- 
sign results, the more comprehensive procedure involves consideration of 
the individual column direct stresses and their effect on the bending re- 
sistance of the individual column. A study has been made to determine 
whether this precision is necessary. In a series of typical problems, the 
variation of resistance was determined on two bases: (l) average direct 
stress equal to the sum of the column loads divided by the sum of the 
column areas and (2) direct stress determined separately for each column 
and applied to that column. It has been determined that there is very 
little loss in accuracy if the average direct stress is used. 

7-08 THE EFFECT OF GIRDER FLEXIBILITY ON COLUMN RESISTANCE. In the pre- 
liminary design of the columns, the frame response Is determined on the 
basis of the assumption that the joint rotations are negligible. If the 
girders are designed to act in the elastic range (par. 7-ll)> the error in- 
volved is not large. If all the columns in a story have the same section 
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and are of equal height, this assumption results in equal moments at the 
top and bottom of all columns and a linear variation of resistance with 
displacement up to the plastic resistance. If the assumption of infinitely 
stiff girders is not made, the resistance-deflection diagram for a given 
frame may be determined by a conventional sidesway analysis. 

Neglecting the flexibility of the girders results in an overestimate 
of the energy absorption capacity of the frame, thus resulting in under- 
estimates of the displacement of the structure, and the required resistance 
of the columns. Any procedure which reduces the required resistance to a 
value below that needed by the more exact procedure is unconservative. It 
is not desirable to incorporate the flexibility effects into the prelimi- 
nary design procedure. The designs obtained by the preliminary design 
method should be recognized as being slightly unconservative and allowance 
should be made for this difference by the designer. It is desirable to in- 
clude this flexibility effect when the preliminary design is checked by a 



numerical integration procedure. 

The recommended procedure for approximating the effect of girder 
flexibility for use in the numerical integration analysis of single-story 
structures is described below. Figure 7-3 presents the form of the 

resistance-deflection diagram for a typical multi- 
column frame subject to lateral load only. Line A 
represents the resistance for infinite girder 
stiffness. With infinite girder stiffness, plastic 
hinges would develop simultaneously at both ends of 
all columns. If the actual girder flexibility is 
considered, the hinges would be found to develop 
successively as indicated by line B. The recom- 
mended resistance diagram is line C, an extension 
of the initial slope of line B to the intersection 
with the line of maximum resistance. The shaded area represents the error 
introduced. Use of line C will result in the calculated deflections being 
smaller than the true deflection. However, the error involved is generally 
very small. To obtain the effective spring constant k for girder flexi- 
bility, it is necessary to determine the slope of line C. This can be 


Figure 7.3. Effect of 
girder flexibility on 

resistance-deflection 

diagram of multibay 
frames 
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determined by imposing an arbitrary lateral deflection upon the frame and 
calculating the resistance corresponding to this deflection. The ratio of 
the resistance to the displacement is k = R/x. Paragraph 7-26 illustrates 
the simple elastic frame analysis that is needed for this determination. 

7-09 EFFECT OF IATERAL DEFLECTION ON COLUMN RESISTANCE. From equation 
(7*l) it may be seen that the resistance is subject to reduction by the 
combined effect of the lateral deflection and the axial column loads. In 
single-story frames this effect is small and is neglected in the prelimi- 
nary design procedures, but it is included in the final numerical analysis. 
7-10 DESIGN OF COLUMNS . A general preliminary design procedure for plastic 
behavior is presented in paragraph 6-11 and for elastic behavior in para- 
graph 6-12. Details peculiar to application of these methods to single- 
story col umn designs are explained below and illustrated in paragraphs 7-24 
and 7-34 for steel frames, and paragraphs 7-42 and 7-50 for reinforced con- 
crete frames. The loading, used in the preliminary column design is the 
net lateral blast load as computed from procedures in paragraph 3-09, 
neglecting the effect of dynamic response of wall panels and other inter- 
vening structural elements. The dynamic effects of the mass and structural 
properties of the walls are accounted for in the final check of the column 
section by using the dynamic reactions to the front and rear walls in the 
n ume rical integration. The equivalent mass concentrated at the top of the 
column is given by 

m = total roof mass + l/3 column mass + l/3 wall mass 
In the preliminary design of steel columns the frame girders are as- 
sumed to be perfectly rigid, and the axial load in the columns is neglected 
so tha t the required moments, the spring constant, and the limiting elastic 
deflection of the columns can be obtained from equations (7-8) an< ^ (7*10)- 
From equation (7*9) 

R h , 

M_ = — ■ (7-15) 


The cross section required to provide the plastic bending moment resistance 
Mp is determined from data in paragraph 4-07 for steel columns. 

The preliminary design procedure for reinforced concrete columns is 
different from that for steel because allowances are made for the effect of 
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direct stress on the bending resistance of the column. After solving for 
the req uir ed from equation ( 7 • l4 ) , it is necessary to determine the 
dimensions of the cross section. Since is a function of P (par. 4-11 ) 
it is necessary to use the time average of the total axial load P for the 


time int erval estimated to be the plastic phase. 

Using equations from paragraph 4 -lib for eccentrically loaded columns, 
a cross section is selected which will provide the necessary at the aver- 
age P . 


Having determined the necessary cross section, the next step is to 
compute k and x g . For both steel and concrete, k = 12EIn/h 3 . However, 
from equation (7*10) 


x = 
e 


x = 
e 


Mph J 

6EIh 


for steel 


(7.16) 


V 

SeST for concrete 


These parameters are used in the remainder of the design procedure without 
modification by any load or mass factors because the single-story frame is 
considered to be directly replaceable by a single-degree system. The pre- 
liminary design is then completed in accordance with the steps of either 
paragraph 6-11 or paragraph 6-12. 

After the girder is designed, the preliminary column design is veri- 
fied by of a step-by-step numerical integration procedure. It is re- 

quired that the displacement of the top of the column determined by this 
computation be reasonably close to the design displacement determined from 
consideration of paragraph 6-26. 

The more exact numerical analysis includes all the factors which 
have been neglected in order to simplify the preliminary procedure. These 
are: the effect' of girder flexibility, the effect of vertical load ec- 

centricity, the effect of direct stress, and the effect of the dynamic 
response of the wall and roof elements on the lateral and vertical load- 
time curves. As discussed in paragraph 7-07, a simplification is possible 
by using the average column axial loads instead of considering the in- 
dividual columns separately. The effect of girder flexibility is 
determined as indicated in paragraph 7-08. Examples of the numerical 
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integration procedure applied to steel column designs are presented in 
paragraphs 7-26 and 7 - 36 , and for reinforced concrete columns in paragraphs 
7-44 and 7-52. 

7-11 DESIGN OF ROOF GIRDERS. The design of roof girders in building 
frames for blast loads is a difficult problem which is complicated by the 
time variation of the lateral and vertical blast loads, and the difference 
in time required for the different girders to reach maximum stress. In 
general, the maximum frame moments due to the vertical loads develop before 
those due to the lateral loads. Conventional static loads must be consid- 
ered in addition to the blast loads. In a building with openings it is 
possible to have internal pressures of such magnitude as to develop net 
upward forces on the roof girders. 

Ob obtain the maximum lateral stiff- ^ 

ness for the building frame, it is desirable ^ A A f B c B ^ 

that the roof girders in frames be designed 

to act elastically. To simplify design pro- J, 777 * 777 777 777 777 

cedures, continuous -span beams can be consid- f . gitrg 7 4 _ Single-span support 

ered as single-span elements with restraints assumptions for design of 

, . frame girders 

as indicated in figure 7 A* It is recom- 
mended that single- span frame girders such as A be designed elastically to 
carry vertical loads as simply supported beams. Exterior girders such as B 
should be designed elastically to carry vertical loads as beams fixed at the 
first interior support and pinned at the exterior support. Interior . girders 
such as C should be designed elastically to carry the vertical loads as 
beams fixed at both ends. In order to develop the maximum lateral resist- 
ance of the frame, it is necessary to design the girders so that the plastic 
hinges form in the columns. To insure this behavior, the bending strength 
of the girders at any point must equal the moment at that point due to 
static and dynamic vertical loads, plus the moment due to lateral motion. 

The latter is computed by applying to the girder the full plastip hinge 
moments of all the columns simultaneously. This is conservative because it 
assumes that all the maximum moments develop at the same time. 

Consideration of the blast loading on frame girders shows -that the 
front girder is the critical girder in a multibay frame and the critical 
section is at the first interior support. At this section the frame moment 
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in the girder should be a fraction of the column msKimum moment Mp. For a 
2-bay frame use l/2 Mp. For a 3 -bay frame use 2/3 ^ and for a 4-bay 
frame use 5/8 M^. 

The design procedure recommended for girders is an elastic design 
based upon paragraph 6-12 and consists of the following steps which are il- 
lustrated in paragraphs 7-25, 7-35, 7-43, and 7-51- In order to perform 
these operations, it is necessary to refer freely to other manuals for in- 
formation; viz., to EM 1110-345-413 for overpressure -time variation on 
roofs, to EM 1110-345-414 for the equations governing the plastic moment 
capacity of steel and concrete girders, to EM 1110-345-415 for the elastic 
response characteristics of single-degree-of-freedom systems, and to EM 
1110-345-4 16 for the factors which define the equivalent single-degree-of- 
freedom system. 

Step 1. Obtain the vertical load-time curve for the girder from the 
dynamic reaction of the roof element which the girder supports. Idealize 
the curve to a form for which dynamic load factors are available. 

Step 2. Est ima te the dynamic load factor for preliminary size 

determination. 

Step 3. Calculate T , the period of vibration of the equivalent 
single-degree-of-freedom system. T n is a function of mass m and spring 
constant k . The equations for k are given in EM 1110-345-416 . The 
mass to be used is the mass which is considered to move with the girder. 

In EM 1110-345-416 consideration is given to beams which have mass varia- 
tions that are triangular in spanwise distribution as well as concentrated 

at local points. 

Step 4. Using T and T , the time parameter of the loading, obtain 
a new value of dynamic load factor from figures 5-20 and 5-21. 

Step 5- With the new dynamic load factor, determine the design mo- 
ment required for vertical blast loads. Determine the total moment by 
adding the static load moments and the proper fraction of the column 
plastic moment. Select a size to withstand the indicated bending moments 

in accordance with EM 1110-345-414 requirements. 

Step 6. Repeat the cycle, computing T n , t/T r , and D.L.F., and check 
the section for the revised bending moments including the allowances 
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described above until satisfactory agreement is realized. 

Step 7- If the loading curve cannot be approximated by tbe idealized 
shapes used in figures 5.20 and 5,21 it may be necessary to perform a step- 
by-step numerical integration to check the design for the loading curve. 

7 _i 2 FRAMES WITH LATERAL LOADS ON THE COLUMNS. There are certain arrange- 
ments of the structural elements in framed buildi n gs which would require 
that the co lumns be capable of resisting directly applied transverse loads 
in a ddition to providing the resistance to lateral motion of the frame. 



This condition is indicated in 


figures 7 . 5 (a) and (b). 

Figure 7- 5(a) ^ 

_ , _ _ w(t)— ® 

B 

c 

W (t)- 

B 

C 

corresponds to the case 

of a frame ouild- ^ 

A 

D 

T 7 ) 

A 

D 

Tt 

ing with exterior walls 

which act as two- 

( 0 ) 


(b) 


way panels. Two edges of the panel load Figure 7.5. Columns subjected 

, , , , . to directly applied 

the columns directly, and the other ZaIera/ ioads 

edges tr ansmi t load to the roof and the 

fo undat ion. The portion of the load transmitted to the roof is indicated 
by F(t). The column loading w(t) is assumed to be uniformly distributed. 
Figure 7 . 5 (b) corresponds to the case of a frame building with the exterior 
wall framed horizontally. In this case, there is no concentrated load F(t). 
7_13 iqaDS OH FRAME STRUCTURES. The orientation of the blast wave with 
any element of a building should be assumed to be that which will produce 
the critical load on that element. The critical load for an exterior wall 
is produced by a blast wave acting perpendicular to the wall. Frames 
should be designed for the load produced by the blast moving parallel to 
the p lane of the frame. For roof slabs the critical load is a function of 
two considerations, the location of the element and the direction of the 
blast wave. Paragraph 3-05 shows that the overpressures on the central 
portion of a roof of rectangular plan subjected to a blast wave moving 
normal to the long axis are less than the overpressures at and near the 
ends . For the same roof plan, all roof elements would be subjected to the 
same intensity of overpressure if the direction of the blast wave movement is 
parallel to the long axis of the building. On the central portions of 
square roofs the overpressures for all orientations of blast wave are less 

than at the edges of the roof. 
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The outside dimensions of the structure must he used in computing the 
blast loading on the structure. This means that the member sizes must be 
assumed initially to obtain the outside dimensions in order to compute the 
loads. A l£rge difference between the assumed dimensions and final design 
dimensions would require a revision of loads. 

Y_i 4 FRAMING ARRANGEMENTS. In the blast resistant designs of this manual 
there are no radical departures from conventional framing arrangements. In 
reinforced concrete frame structures, the exterior columns are made inde- 
pendent of the exterior walls and the walls are designed to span vertically 
between the wall footing and the roof slab. This arrangement is desirable 
and most economical because it eliminates the necessity of designing the 
col umn to act as a beam spanning between the foundation and the girder in 
addition to providing restraint to the lateral motion of the frame. 

7 _ 15 PRELIMINARY DESIGN METHODS. The design of each element of a building 
consists of two steps. The first step is the preliminary design of the 
element using an idealized straight line load-time curve and the design 
charts presented in EM 1110-345-415- The second step is the numerical in- 
tegration check of the preliminary design using the calculated load-time 
data. The following discussion deals with some of the details of the pre- 
liminary design method. 

Only one mass factor and one load factor may be used in any of the 
pre liminar y design methods. Therefore, average values of these factors 
must be obtained for all designs in the plastic range and also for elastic 
designs in which there is a bilinear resistance function. In the case of a 
fixed-end beam designed to allow plastic deformation at midspan, the aver 
age of the elasto-plastic and plastic mass and load factors should be used 
to obtain the mass and load factors for use in the preliminary design. The 
elastic values of mass and load factors are not used in computing these 
average values since only a small percentage of the total deflection occurs 

within the elastic range. 

For a simple beam designed for plastic action, the average of the 
elastic and plastic values of mass and load factors should be used. In the 
case of a fixed-end besaa designed for plastic action at the support and 
elastic action at the centerline, the average of the elastic and 
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elasto -plastic mass and load factors is used in the preliminary design. In 
general, any reasonable method of obtaining a single set of mass and load 
factors will be satisfactory for use in the preliminary design, 

7- 16 IJUMEIRICAL IITTECIEIAlTION ANALYSIS, The numerical integration analysis 
is a method of checking the preliminary design that takes into account the 
irregularity of the load-time curve, the variation in resistance function, 
and the changes in mass-load factors. In this manual each preliminary de- 
sign is checked by the numerical integration method. In some cases, it may 
be necessary to use the numerical integration method more than once before 
a satisfactory design is obtained. This is particularly true where the 
actual load curve is of such a shape that a good approximation to it cannot 
be obtained by a straight line, and also in design of steel where the 
number of available beam sections is limited. An experienced designer may 
judge that a numerical integration check of some designs is unnecessary. A 
numerical integration analysis may be needed in some cases primarily to ob- 
tain the dynamic reactions of the element for use as the load on the sup- 
porting structure. 

The load-time curves used in the numerical integration analysis are 
computed from either the direct -blast -pres sure vs time curve or from the 
dynamic reactions of the supported elements. The dynamic reactions are com- 
puted by the use of the formulas of tables 6.1 to 6.6. Note that, in gen- 
eral, the formulas vary with the 
strain condition of the beam or slab. 

The dynamic reaction curve for an ele- 
ment designed to have some plastic 
action has a form indicated by line A 
in figure 7.6. Line B in figure 7-6 
is the pseudostatic reaction (for a 
simple beam it equals one-half the 
applied load). The time indi- 
cates the first instance after the maximum reaction develops for which the 
dynamic reaction is less than the pseudostatic reaction. 

If the dynamic load on the supporting structures is required for a 
period of time exceeding t-^, it is recommended that the load be represented 



Time (sec) 

Figure 7.6. Simplification of dynamic 
reaction curve 
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7-17 



( 

by line A before t and by line B after This simplifies tbe load shape 

in a reasonable mnnsr and reduces tbe number of tedious steps in the 
numerical integration® 

7-17 SUMMARY OF DESIGN EXAMPLES. In this paragraph the results of all the 
illustrative design examples which are contained in the remainder of this 
manual are summarized to provide a ready reference for preli m inary designs 
of similar elements and buildings. Examples are for incident overpressure 
and duration indicated in figure 7 * 8 . 

Table 7.1. Summary of Design Examples in EM 1110-345-417 


Element 

Span 

(ft) 

Size 

X 

<*-r 

e 

Maximum 

Deflection 

Range 

C R 


D.L.F. 

c w 

v 

m 

(f t-kips ) 

E 

(f t-kips) 

R/C wall slat 
R/C roof slab 
Steel purlin 
Steel girder 
Steel column 

17-5 
6.67 
18.0 
20.0 
Ik . 5 

11 in. 

3 - 3 A in. 

16 vr 36 

36 VFl60 

10 YF 77 

k. 6 

l. 8 
6.9 

10.1 

Plastic 

Plastic 

Plastic 

Elastic 

Plastic 

0.70 

1-3 

1.07 

0.22 

1.07 

18.3 

10.3 
O.69 
0.27 

1.38 

0.365 

0.0015 

0.008 

0.88 

7.42 

0.177 

15.4 

157.0 

7.62 

0.516 

22.0 



236.0 

R/C wall slat 
R/C roof slat 
Steel purlin 
Steel girder 
Steel column 

11.67 

5.33 

18.0 

20.0 
8.67 

Ik in. 
k - 1/4 in. 

16 YF 40 

36 YF150 

12 VF 120 

— - 

Elastic 

Elastic 

Elasto -plastic 
Elastic 

Elastic 


1.57 

37-0 

10.8 

O.69 

0.593 

1-7 

2.0 

1.95 

1.38 

1-3 




R/C wall slat 
R/C roof slat 
R/C girder 

R/C column 

15.83 

18.0 

20.0 

13.0 

10.5 in- 

7 - 3/4 in. 

20 in. x 45 in. T 
12 in. x 20 in. 

3.5 

5.5 

6.0 

Plastic 

Plastic 

Elastic 

Plastic 

0.77 

1.0 

0.324 

1.24 
5.7 

1.25 
0.338 

1~18 

0.31 

0.028 

0.83 

5-95 

4.55 

92.1 

6.46 

4.57 

114.0 

R/C wall slat 
R/C roof slat 
R/C girder 
r/C column 

14.75 

18.0 

16.0 

11.83 

12-1/2 in. 

9-1/2 in. 

20 in. x k2 in. T 
18 in. x 28 in. 

— - 

Elasto-plastic 

Elasto-plastic 

Elastic 

Elastic 

1.26 

1.67 

6.6 

S:8 

1-92 

1.18 

1-15 

0.118 

1.76 

1.71 


NUMERICAL EXAMPLE, DESIGN OF A ONE- STORY S TEEL FRAME 
BUILDING, PLASTIC DEFORMATION PERMITTED 

7-18 GEN ERAL. This numerical example presents the design of one bay of a 
windowless one-story, steel, rigid-frame building with plastic deformation 
permitted (fig. 7-7). The design overpressure (10 psi from an l 8 -KT 
weapon) is arbitrarily selected for illustrative purposes. In an actual 
case the design overpressure would be determined by evaluating a group of 
considerations including many nonstructural design considerations. The 
example includes only the designs of the major elements of the structure, 
including the roof slab, purlins, wall slab, columns and girders of the 
frame, and the foundation. 

One-way reinforced concrete slabs are used for the roof and walls. 
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The concrete compressive strength, 
is specified at 3000 psi and in- 
termediate grade reinforcing 
steel is used. In accordance 
with EM 1110-345-414, a uniform 
dynamic increase factor of 1.3 
is used, giving the following 
strength properties for use in 
the design concrete 

Cross Section 

f; = 3000 psi 

f dc = 3900 psi 

E c = 3 ( 10 ) 6 psi 

n = 10 

- ~ >8 
reinforcing steel 

f = 40,000 psi 
fdy = 52,000 psi 

The purlins, columns, and girders 

Plon of Typicol Bay 

are wide flange structural shapes 

with welded connections. The Figure 7.7. Plan and section of 

strength properties are speci- steel f rame building 

fied in EM 1110-345-414. 

The structure is to he located upon a compact sand-gravel mixture ex- 
hibiting the following properties (par. 4 - 15 ). 

Normal load-bearing capacity = 10 kips/sq ft 
Ultimate load-bearing capacity = 30 kips/sq ft 
Coefficient of friction (soil on soil) = 0.50 
Coefficient of friction (concrete on soil) = 0.75 
Unit weight of soil = 100 lb/ft 3 

Normal component of passive pressure coefficient, Kp^ = 10 
Modulus of elasticity, E = 40,000 psi 

It must be emphasized that the primary purposes of this example anri 
those that follow are to illustrate the design techniques and philosophy 
presented in the previous manuals. Presentation on this example should not 
be considered a recommendation of the structural system for use in blast- 
resistant buildings. 
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■j_i9 DESIGN PROCEDURE. In general blast-resistant design proceeds from 
the outside to the inside because the dynamic reactions of the outside 
elements are used for the loading on the supporting members. The steps In 

the design procedure are as follows: 

Step 1. Compute the pressure variations from which the design loads 

can be obtained. The following curves are needed in addition to some local 
roof overpressure curves which are introduced in paragraph 7-22: 

(1) Incident overpressure vs time curve (fig- 7*8) 

(2) Front face overpressure vs time curve (fig. 7-9) 

(3) Rear face overpressure vs time curve (fig. 7-10) 

(A) Net lateral overpressure vs time curve (fig- 7*H) 

(5) Average roof overpressure vs time curve (fig. 7-12) 

Step 2. Us ing the procedure of paragraph 6-11 for design with plasti 
deformation and a triangular load-time curve idealized from the front face 
overpressure-time curve make a preliminary design of a wall slab. Check 
the design using the numerical integration procedure of paragraph 5-08 and 
the computed front face overpressure-time curve. In this analysis the dy- 
*3*10 reaction of the wall slab at the roof and foundation are obtained for 

later use. 

Step 3. Design the roof slab by the same procedure used for design 
of the wall slab with a triangular load-time curve idealized from the in- 
cident overpressure-time curve for the preliminary step, and use the actua 
incident overpressure-time curve in the numerical integration to c ec 
slab deflection. The dynamic reactions are obtained for use in the purl 

design. ^ ^ the purlln preliminary design on the same idealized 

load-time curve used in the roof slab design. However, for the numerical 
integration analysis use the load obtained from the roof slab dynamic re- 
gion. From the numerical analysis of the purlin obtain the design load 

^ ^tST lfete a preliminary design of the columns assuming the girder 
to be infinitely rigid and neglecting the effect of amial load on the 
column. A triangular load-time curve idealized from the ne era 
pressure-time curve is used in the preliminary design. 
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Step 6. Design the frame girders using the procedure of paragraph 

6- 12 for elastic design. In this preliminary design the load-time curve is 
idealized from the variation of purlin dynamic reactions. 

Step 7* Check the preliminary column design by determining the maxi- 
mum lateral deflection of the frame considering the relative flexibility of 
the columns and girders and the effect of axial load on column resistance. 
Use the wall slab dynamic reactions at the roof line for the design lateral 
load on the frame. 

Step 8. Design the foundation. 

7- 20 LOAD DEMIRMIMTION. The computation of the various pressure-t im e 
curves is explained in detail in EM 1110-345-413. In this example the 
methods are illustrated by presenting the computations for one point on 
each of the curves. The dimensions of the structure used in the load com- 
putations are the outside dimensions of the building which are determined 
at this stage of the design by estimating the sizes of the slabs and 
girders (fig. 7-7)* 

a. Incident Overpressure vs Time Curve. Assumptions of the incident 
overpressure and time duration used in the illustrative examples in this 
manual are given , in figure 7*8. 

t = ¥ 1 / 3 (0.262) = 18 1 / 3 (0.262) = 0.685 sec 
The incident over pressure- time curve (fig. 7*8) is obtained from figure 3*4b. 

b. Front Face Overpressure vs Time Curve (Fig. 7*9)* 

c = 1290 fps (fig. 3-21) 


t = — 
c c 


= 0.0372 sec 


refl 


P refl = 25 * 3 psi ( fig ‘ 3 - 20) 

q Q = 2.23 psi (fig. 3.23) 

Overpressure = P„ + 0.85q 
s 

q is obtained using table 3*2. P is obtained using table 3*1* 

s 

For example, for t = 0.100 sec, t/t = 0 . l46 
q = 2.23(0.513) = 1.14 psi (table 3-2) 

P s = 10.0(0.738) = 7.38 psi (table 3.1) 

P front = 7 * 38 + = 8 -35 psi 

Following the procedure of figure 3*25, the front face overpressure 


vs time curve may be drawn. 
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Figure 7.9 . Front face overpressure vs time curve 
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c . Rear Face Overpressure vs Time Curve (Fig. 7-10)- 
Length of structure, L =43-5 ft 

U q = 1403 fps (fig. 3.9 ), c q = 1115 fps (par. 3-08a) 
t d = y- = ^03 = °-°310 sec 
4( 16 ) _ - 


= TtTc = 0.0573 sec 


At time t^ + t^ = 0.088 sec, using table 3*1> Pg-^ = 10.0(0.842) 

=8.42 psi 

At time t^ + t^, from figure 3 .27b, -^ack^sb = 0*735 
Therefore, P^ack = 0-735(8.42) = 6.20 psi 

For times in excess of t = t^ + t^, the ratio of P^ack^s aS ®^ ven 
in figure 3 .27b. 

d. Wet Lateral Overpressure vs Time Curve (Fig. 7.1l)- At any time 


+• P = P _ p 

^ net front back 

e. Average Roof Overpressure (Fig. 7- l 2 ! 


For the blast propagation 


direction normal to the long side of the building, at time t = L/U q = 0.0310 


- 0.9 + 0.1 — 


1 - P 


= 0.91 (fig. 3-34) 


P = 10.0(0.957) = 9*57 psi (table 3.1) 
s 

Therefore, P roof = 0.91(9-57) = 8.71 psi at t = 0.0310 sec 

For times in excess of t = L/u , the ratio of P „/P is as given 


in figure 3-34. 

7-21 DESIGN OF WALL SLAB. The vail is de- 
signed as a one-vay reinforced concrete slab 
spanning from a fixed support at the founda- 
tion to a pinned support at the roof slab. 

The slab is permitted to deform into the 
plastic region by developing plastic hinges 
at the foundation and near midheight. The 
span length of the slab is equal to the clear 
height of the vail. 
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The preliminary plastic design procedure is described and illustrated 
by an example in paragraph 6-11. Dead loads are not considered in design- 
ing vertical wall slabs. The design calculations are made for a one-foot 
vidth of slab. 


a . Design Loading. The design load as idealized from the computed 
loading shown by figure 7*9 is defined by: 



B . , 63.8 kips 

T = 0.062 sec 

g _ ^ = 8^0. 062 _ ^ kip-sec (par. 6-ll) 

b. Dynamic Design Factors. (Refer to 
table 6.1.) 


Elastic range: 


= O.58, 



V 1 = 0.26R + 0.12P, 


“m ■ °- 45 ’ 

185EI 

\ ~ 3 

X IT 

v 2 = 0 . 43 R + 0.19P 


Elasto -plastic range: 

= 0.64, 

\ ■ I («PS * aW’ 

V = O.39R + 0.11P 

Plastic range: 

=0. 50, 

\ - t (“ps + ***) 

V = O.38R + 0.12P 


’ 0 ' 50 ’ 


_ 38>tEI 
ep 5 L 3 


- °'33> 


Average values: 

„ 0.64 + 0.50 

“x ” 2 

xr 0.50 + 0.33 
*M “ 2 


0-57 

0.42 


\ - Z («Ps + 


Kim * °‘ 78 


Kim- 0 - 78 


Kim = c.66 


160EI 
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c. First Erial - Actual Properties. 

** “PB " “Eta " “P 

Assume p = 0.015 (par. 4-10 ) 

Let ap = 5 (par. 6-26) 

Assume = 0.7 (experience) 

R = C„B = 0.7(63.8) = 44.7 kips 

ID. 

Mp = Pf^d 2 ^1 - 17^) < e 1 ^* 16 ) 

= 0.015(52) (l)a 2 j^l - = 0.688d 2 kip-ft (a in inches) 

R m - TT " te) ° 7 .f dg - W -T. ••• 4 ’ 9-73 in. 


Mp - Pf, / 


(eq. 4. l6 ) 


R = -=■ 
m L 


= 44.7, a = 9.73 in. 


!Ery h = 11 In., 


a = 9.75 in.. 


p = 0.015 


Mp = 0.688(9.75) =65.4 kip-ft 

I = bh 3 /l2 = (ll) 3 = 1331 In. 11 
6 _ 

i t = ta 3 + P (i - k) 2 ] 

= 12(a) 3 j^ (°^ 2 ) 3 + 0.015(1 - 0.42) 2 j 
= 0.905a 3 = 0.905(9.75 ) 3 ■= 839 in.^ 


T~ — ~ 

♦ 

L 9.75" ... 

=> 4 t ■ ( 1 

f * 

- ' ' \ * , v # 

A 

j 73 

No. 8 bars 4 cover 

4 

r 

1.25" 


I a = 0.5(l g + I t ) = 0.5(1331 + 839) = 1085 in. 

, (l60 i 3Ciq l 3 ig8 5 = 6l5 /n 

15 L 3 144(17. 5 ) 3 


= 675 kips/ft 


y E = ^ = 57T = 0 - 0664 ft 

v = ap y_ = 5(0.0664) = 0.3320 ft (par. 6-26) 

m Hi 

Weight = ~| ~ 2 ^Xo 5 o‘ ~ ~ = 2.406 kips 

2 

„ 2.406 _ kip-sec 

Mass m = ■^- g ' = O.C747 — ^ 

a. First Trial - Equivalent System Properties. 
R me = K i?m = 0-57(44.8) = 25-5 kips (eq. 6.12) 
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H £ = KjH = 0 . 57 ( 1 . 98 ) = 1.13 kip- sec (eq 6.2) 

m e = V 1 = O-^C 0 * 07 ^ 7 ^ = °-°3 llt kip-sec 2 /ft (eq 6.2) 


W T 



= 20.33 ft -kips (eq 6.10) 


7-21e 


T = 2iti 
n 


.6.28 ^ 0.78g.07tt l , 0 . 058 sec (eq 6.l4) 


e. Work Done vs Energy Absorption Capacity. 

c = t/t = 0.062/0.058 = 1.07 

C R = R/B = kk - 8 / 63 ' 8 = °- 7 ° (eqS 6 * 15 ' 6 * l6) 

t ^T = 0.8 (fig. 5.29) 

t = (0.8)0.062 = 0.0k9 sec 
m 

The idealized load-time curve is satisfactory since it agrees rea- 
sonably with the actual load-time curve (fig. 7>9) ( see P ar * 5-13). 

C w = O .365 (fig- 5-27) 

W = CyWp = 0.365(20.33) = 7-^2 ft-kips (eq 6.17) 

E m = R \ - O.ftJ = 25.5 [0.3320 - 0.5(0.0664)] 

me m n 

= 7.62 ft-kips (eq 6 .l 8 ) 

E > W, .*. the selected proportions are satisfactory as a preliminar 


Tr’ : - '--H 


8.5' 


No. 8 at 5 
At Fixed End 



2"cover 


| Cover 
4 


2.5" 


11 . 0 " 


design. 

f. PcHninnxv Design for Bond Stress. It Is now necessary to 

select the reinforcing steel for the critics 
cross sections. At the fixed end of the val 
the cover requirement results in a smaller 
value of d = 8.5 in. than at midspan, d = 9- 
in. To achieve approximately the same p £ 
both critical sections several values of p 
are investigated to obtain the value of p 

8M Pm + 4M P £ 


1.25" 


9.75' 


II. 0 


for which. 


At Midspan 


computat ion . 


_ s Mp =65.4 kip-ft. 

plot of equation (4.l6) simplifies this 
From such a plot p = 0 . 0l6 . 
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At the fixed end 


Estimated V = 0.5R = 0. 5(44.8) = 22.4 kips 

max m 

Allowable u = 0.15f^ = 0.15(3000) = 450 psi 
V 8(22,400) r „ . 

20 ■ 331 ■ ixmti ■ 6 - 7 in - 

A = phd = O.Ol6(l2)(8.5) = 1,63 in.^ 
s o 

Thy #8 at 5 in., A =1-9 in. , To = 7-5 in. 

s 

"D = ~ - yyr— — *r = 0.0188 


At the pinned end 

Estimated V = (l/3)R = l/3(44.8) = 15.0 kips 

max m 

„ _ _v_ _ 8(15.000) _ o Q ^ 

Eo " ujd ~ 7(450)9-75 3 ' 9 

A = pbd = 0.0l6(l2)(9.75) = 1-87 in. 2 

s 2 
Try |8 at 5 in., A =1.9 in. > Eo = 7*5 in. 

s 

■d = — iiSL— T = 0.0162 


g. Determination of Maximum Deflection and Dynamic Reactions by 
Numerical Integration. 


“b» - p V 1 ^ 


f 1 - - 0 . 0162 ( 52 )( i )( 9* 75 ) 2 


= 70.0 kip-ft (eq 4.l6) 


- O.Ol86(52)(l)(8.5) 2 [l - 0 i?7^9) } 'l * 59-5 kip-ft 
I = blr7l2 = (llr = !331 in. 


I t = bd- 


k 3 /3 + n; 


l P ( 1 - k) 2 l = 12(9-75 ) 3 + 0.162(1 - 0 


•43) 2 ] 


= 880 inh , 

I a = 0.5(1 + I t ) = 0.5(1331 + 880) = 1105 in. 

11(150)17.5 v,„«, 

Wei S ht = 12(1000 T " P 

Mass m = = 0.0747 kip-sec 2 /ft 

Elastic range: 

R = = 27.2 kips 

lm L 17.5 
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7-216 


fl 


_ 183 EI _ (l85)3(lO ) 3 ll.Q5 _ 793 kips/ft 
1 ~ l 3 .144(17- 5 ) 3 


y e = 


^ 793 

Elasto-plastic range: 


- 2 L1 = 0.0344 ft 

V - VQQ 


R 


m 


_ + 2 M Pm ^ = 4 r 39- 9^2(70)1 = 45.6 kips 


3§4EI = 38 4 . = 329 kips/ft 

ep 5L 3 5(185) 1 


y ep = y e + 


R P ~ = 0.0344 + ^' 6 329^" = °- 09 ° ft 


ep 


Plastic range: 

R =45.6 kips 


Since M_ f >4, the formula for kg in table 6.1 is not usable. To 
obtain a value for y and tj,, an "effective resistance" line is selected on 

figure 7.13 so that the area under it up 
to y E is equal to the area tinder the cal- 
culated elasto-plastic resistance line. 

The required value of y £ = 0.0715 ft. 



Maximum Deflection = 5y E 


R m *• 45.6 


~' eP r s 272 

| 1 1 H lm 27 ^ 

k. * 793 kips/ft 


llmliZ- 2 

k, = 793 kips/ft 
k E = 638 kips/ft 
k ep = 329 kips/ft 
y e = 0.0344ft 
y E = 0.0715 ft 
y e p = 0.090ft 


*E 


HI 

y E 


hlA. = 638 kips/ft 

1 rm ^ • J ' 


0.0715 


\ y E y .( 


Deflection, y (ft) 

Figure 7.13 . Resistance function for 
11-in. wall slab spanning 17.5 ft 
fixed at base and pinned at top 

integration in tahle 7«2 is 
•where 


J m 


= of py- = 5(0.0715) = 0.3575 ft 

Xj 


T = 2it. 


n 




= 0.06 sec 


= 6.28. 


,^ 0 . 78 ( 0 ^ 07^7 


The basic equation for the numeric! 
L = y n (At ) 2 + 2y n - y n . 1 ^ table 5>3) 


y n (At ) = 


(P n - R n )(At) c 

W m) ~ 
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Table 7.2. Determination of Maximum Deflection and Dynamic 
Reactions for Front Wall Slab 


t 

P 

n 

R 

n 

P - R 
n n 

y (At) 2 
n 

y n 

V ln 

V 2n 

(sec) 

(kips ) 

(kips) 

(kips ) 

(ft) 

(ft) 

(kips) 

(kips ) 

0 

63.8 

0 

31.9 

0.01369 

0 

7.7 

12.1 

0.005 

58.7 

10.8 

47.9 

0.02055 

0.01369 

9.8 

15.8 

0.010 

53-5 

31.6 

21.9 

O.OO939 

0.04793 

18.2 

18.2 

0.015 

48.4 

45.6 

2.8 

0.00142 

0.09156 

23.1 

23.1 

0.020 

43.2 

45.6 

- 2.4 

-0.00122 

0.13661 

22.5 

22.5 

0.025 

38.1 

45.6 

-7.5 

-0.00380 

o.i 8 o 44 

21.9 

21.9 

0.030 

32.9 

45.6 

-12.7 

- 0.00644 

0.22047 

21.3 

21.3 

0.035 

29.O 

45.6 

-16.6 

- 0.00842 

0.25406 

20.8 

20.8 

o.o 4 o 

27.3 

45.6 

-18.3 

-0.00928 

0.27923 

20.6 

20.6 

0.045 

26.3 

45.6 

-19.3 

-0.00979 

0.29512 

20.4 

20.4 

0.050 

25.6 

45.6 

- 20.0 

-0.01014 

0.30122* 

20.4 

20.4 

0.055 

24.9 

42.4 

- 17-5 

-0.00751 

0.29718 

i 4 .o 

22.9 

0.060 

24.4 

33-2 

- 8.8 

-0.00378 

0.28563 

11.5 

18.9 

0.065 

23.9 

21.1 



0.27030 

8.4 

13.6 

* (y ) = 0.30 ft. 

u n max 


2 (P n - V 2 5(10- 6 ) 

y n (At) 2 - “ n 


0 . 7 ^( 0 . 0747 ) 


= 4.29(10 ^")(P - R^) ft, elastic range 


y n (At) 


.- 4 , 


(P - R )25(10 ) 

0.78(0.07lt7) * 1 *.29(lO-‘*)(P n - V ft, elAsto-plastic 

s* range 

(P - R )25(l0" b ) 

- g.&( ' 0.W) 5 ' 07(10 " )tP n - V ft ’ ra ”« e 


The time interval At = 0.005 sec is approximately T /l0 = 0.006 
(par. 5-08). 

The dynamic reaction equations are listed in paragraph 7-21b. The 
values for the second column are obtained from figure 7-9^ multiplying by 

144(17.5)/ 1000 = 2.52. 

The maximum deflection, (y ) , computed in table 7*2, is 0.30 ft 

n max 

which is less than the allowable y m of 0.35 ft. 
y = 0.068 ft 

ilj 

n p ^n^max O.3O _ ) o ^ c q. r\y 

" yl ~ 0^715 ' 5 ^ 

JCj 
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h. Shear and Bond Strength. For bottom of vail (fixed end of 

idealized slab ) : 

V =23.1 kips (table 7*2) 
max 

For no shear reinforcement (eq. 4.24a) 

v = 0.04f ' + 5000p = 0.04(3000) + 5000(0.0162) - 120 + 81 = 201 psi 

C 


y 

V = 


8V 

7bd 


- 7 ^ 0 - ’ 258 psl 


Shear reinforcement required for 258 - 201 - 57 psi. Contrihution of shear 
allowable 

= o.ooi4 


reinforcement to allovable shear stress = rf y . 

57 


r = 


40,000 


Try 1 #3, A = O* 11 ln * 

A 

„ _ _S _ = 0.0014, s = 7-8 in., use s = 7-5 in. 

r “ bs 10s 

For top of vail (pinned end of idealized slab): 

v = 23.1 kips (table 7*2) 
max 



Corner Dowels 
No. 8 at 10" 


3’ -4“ 


: '4r‘2 No. 2 Stir at 8" 
at IO"along Wall 

- No. 4 at 18" 

- No. 4 at 1 1" 

— If 


I7'-6 m 


No. 8 at I0“- 


5' -6" 


*-«■ 


2'- 6 


No. 8 at 10" 
-No. 8 at 5" 


-4 No. 3 Stir at 7, 
at lOalong Wall 

IU 


v = 201 psi 

J_ _8V . 8(23, 1001 . £26 psi 

v _ 7bd 7(12)9.75 

Shear reinforcement required for 

226 - 201 = 25 psi 

r _ 25/40,000 = 0.0006 
Try 1 #2, A s = 0.05 in. 

r = t* = 9^1 = 0.0006, 

r bs 10s 

.*. s =8.3 in., 

use s = 8 in. 


Bond: 


8V _ 8(23,100) = 415 

u _ 7SocL 7(7- 5) ( 8 . 5) 

Allovable u = 0.15 


psi 


t No.8 at 5 l Dowels 
No. 8 at 10 J 


Note : Wall Steel to Hove | Cover Inside 
2"Cover Outside 
Foundation Steel Not Shown 
Slab Steel Not Shown 


= 0.15(3000) = 450 psi > 415 
psi; OK 
i. Summary. 11-in. slab, 

p = 0 . 0162 


m 
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Shear reinforcement: 

Bottom of -wall #3 at 7-1/2 in. 

Top of •wall #3 at 8 in. 

7-22 DESIGN OF ROOF SLAB, The roof slab is designed as a one-way rein- 
forced concrete slab spanning continuously over purlins located at the 
third-points of the supporting girder. 

As stated previously, the general arrangement of the members in this 
example is not selected as 
the result of economic 
studies. This example is 
intended primarily to il- 
lustrate design technique. 

The slab is per- 
mitted to deform into the 
plastic region by develop- 
ing plastic hinges at both 
supports and midspan. In 
the design procedures of 
this manual only single-span elements can be handled, therefore in using 
the preliminary plastic design procedure -of paragraph 6-11 a one-foot width 
of slab is considered to be a fixed-end beam spanning 6 ft '8 in., the 
purlin spacing. 

a. Loading ■ The critical slab loading is the incident overpressure 
vs time curve (fig. 7.8). This loading results from the blast wave moving 

parallel to the long axis of the build- 
ing. Since the slab is framed perpen- 
dicular to the direction. of the blast 
wave the load may be considered to be 
•uniformly distributed along each slab 
span. The individual one-foot slab 
elements along the purlin reach their 

all points of roof. 

maximum deflections at different times; 
however, they provide little restraint to adjacent elements. This effect 
is neglected in this example. 
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For the blast wave moving perpendicular to the long axis of this 

building the design loads on the slab are 
- reduced from the incident overpressure 

Zonel loads for two reasons: (l) the time required 
~ to build up load on the slab is finite and 
Zones 2 (2) the Zone 3 overpressures are less than 
the incident overpressure (EM 1110-345~4l3 )• 

The design load as idealized from the 

Zonel computed loading shown by figure 7-8 is 
■ — defined by 



33 » 10 psi = 10 ^^ 6 --- T - * 9*8 kips 
T = O.38 sec 

H = = (9-6^0* 3 8 _ 1# Q 2 kip_sec (par. 6-11 ) 

b. Dynami c Design Factors. (Refer to table 6.1.) 
Elastic range: 



A lm ~ L ’ 


\ = °- 53 > 

R ] 

v = 0.36 R + o.i4p 

Elasto-plastic range: 

= 0.64, 

R m = L ^s + M Pm^ 


Km = 0.41, 
v 384EI 


Time (sec) 

*w - °-n 


^.0.50, 


hx ■ °- 78 


k 


ep 


384EI 
. t 3 ' 


V = O.39R + 0. IIP 

Plastic range: 

^ = 0.50 , Km = 0.33, % = 0,66 

- ! <*% + v 

V = O.38R + 0. 12P 

IE 

Average values : 

= 0.5(0.64 + 0.50) = 0.57, ^ = 0.5(0.78 + 0.77) = 0.77 
^ = 0.5(0.50 + 0.33) = 0.42 

3 ^ 
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E m ' L (“pb + V 

. 307EI 

L 3 

c. First Trial - Actual Properties. 

** “ps - “pm - “p 

Assume p = 0.015 (par. 4-10) 

Let ap = 5 (par. 6-26) 

Assume = 1.0 (experience) 

R m = Cy3 = 1. 0(9.6) =9-8 kips 


Np = V 


(i . 

V 


(eq. 4.l6) 


= 0.0l5(52)(l)d‘ : 


B = -=r 

m L 


l6M P (l6)0.688d 2 


‘ 0.015(5: 

L 1 - "1.7(3.! 


= 0.688d kip-ft (d in inches) 


= 9*8, .*. d = 2.4 in. 


Try h = 3.5 in., d = 2.5 in., p = 0.015, np = 0.15 
Mp = 0.688(2. 5 ) 2 = 4.3 kip-ft 


16(4.3) 


= 10.3 kips 


I = blryi2 = ( 3 . 5 )^ = ^-2.9 in. 

& r ^ “i 


1 - - 1 


r." A -A..: r 1 

> to 

3.5" 

1 

1 ) ’ 

No. 4 3. cover 



h = bd ' 


bd 3 + np(l - k) 2 J 

12(d) 3 | ^9 - -A 2 . ) . 3 . + 0.15(1 - 0.42) 2 J= 0.905d 3 = 0. 905(2. 5) 3 


= l4.1 in. 

I = 0.5(1 + 1 +) = 0.5(14.1 + 42.9) = 28.5 in. 

o* S n 

„ 30ZU , (307)SC10I 3 .28,5 , 6l5 klps/ft 


m 10. 3 


(6.67) 3 i44 

= 0.0168 ft 


= = 5IT = 

y m = ap y e = 5(0.0168) = 0.084 ft (par. 6-26) 
The roofing weight is 6 psf. 

Weight = + 6.0] = 0.332 kips 
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? 


Mass m = ~|3 - | = 0.0103 kip-sec 2 /ft 

d. First Trial - Equivalent System Properties. 

R me = = °- 57(10-3) = 5-87 kips (eq 6.12) 

H e = K^H = 0.57(l*83) = 1.04 kip-sec (eq 6.2) 

m e = Si 111 = °-^ 2 ( 0 * 01 °3) = 0.00432 kip-sec 2 /ft (eq 6.2) 

( H j2 2 

W P = 2m e = 2^0. 00432) = 12 ^ ft-kl P s ( eq - 8*10) 


T = 2n 
n 


^ = 6,28 V 0*77(0.0103 )/615 = 0.0226 sec (eq 6.l4) 


e. Work Done vs Energy Absorption Capacity. 

C T = T/T n = 0.38/0.0226 =16.9 

C R = R m /B = 10.3/9*8 = 1.075 (eqs 6.15, 6.l6) 

t^T = 0.09 (fig* 5*29) 
t = (0.09)0.38 = 0.034 sec 

Idealized load-time curve is satisfactory at t = 0.034 
C w = 0.005 (fig* 5*27) 

W m = C w W p = 0.005 (1*25) = 0.625 ft-kips (eq 6.17) 

E = R (y - 0.5yJ = 5*87 [0.084 - 0.5(0.0168)] 

me ill jl 


= 0.445 ft-kips (eq 6.l8) 

E < W, .'. the selected proportions are unsatisfactory as a preliml 
nary design. 

f . Second Trial - Actual Properties. 

°*5(W m + E) 0.5(0.625 + 0.445) 

Rm Kl ( y m “ °' 5y E' ) (0.57) [0.084 - 0.5(0.0168)] 

= 12.3 kips (eq 6.19) 


R = 
m 


_ (l6)0.688d 2 = 


F3T 


12.3, 


d = 2.7 in. 


Try h = 3-3/4 in.. 



• fr. 4 , - 

t , 

A • . 


> 2.75" 

p y *• 

: • .-tq 


No. 4 

.1 * 1 

3/4 cover 

/ 

!“ 


d = 2-3/4 in., p = 0.015 
Mp = 0.688d 2 = 0. 688(2. 75) 2 = 5*2 kip-ft 
= i6m p = 16(5.2) = 


m 




12.5 kips 
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I g = ^ = (3*75 ) 3 = 53-0 in. 4 

I t = 0.905d 3 = 0.905(2. 75) 3 = 18.8 in. 4 (k = 0.42) 

\ = °-5(l g + I t ) = 0.5(53.0 + 18.8) = 35.9 in. 4 

jggl , (307)3(10 fa-9 . /ft 

11 L 3 (6.67) 3 (144) ' 

R 

~ kg “ 775 “ 0.0l6l ft 

y m = ap y E = 5(O.Ol6l) = O.O805 ft (par. 6-26) 

Weight - + 6.0j 6gg „ Q>352 ^ 

Mass m = -j|5 2 = 0.0109 kip-sec 2 /ft 

g. Second lErial - Equivalent System Properties. 

\e = ¥m = °*57(12.5) = 7-13 kips (eq. 6.12) 

'Hg = K^H = 0.57(l.83) = 1.04 kip-sec (eq. 6.2) 

m e = ^ = 0 -^ 2 (°.° 10 9) = 0.00459 kip-sec 2 /ft (eq. 6.2) 

(H ) 2 2 

W F = = 2^0^597 = 118 ft - kips 6<1 °) 

T n = 2lt V^W^\ = 6.28 ^0.77(0. 0109 )/775 = 0.0207 sec 

4. Work Done vs Energy Absorption Capacity. 

C T = T / T n = °* 38/0. 0207 = 18.3 

C R = R m / B = 12 * 5/9.6 =1-3 (eqs 6.15, 6.l6) 

tjl = 0.04 (fig. 5.29) 

t = (0.04)0.38 = 0.015 sec 

C w = 0.0015 (fig. 5.27) 

W = OJL = 0.0015(118) = 0.177 ft-kips (eq. 6.17) 

ID. W Jr 

E = R me (y m “ °‘ 5y E ) = T ‘ 13 t 0 ' 0805 ~ 0.5(O.Ol6l)] 

= O.516 ft-kips (eq. 6.l8) 

E » W 

Although the difference between E and W is great no other trial 
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is justified since slab thickness was increased by only l/4 in- Therefore 
the selected proportions are satisfactory as a pre liminar y design, 
i- Preliminary Design for Bond Stress. 

Estimated V = 0.5R = 0.5(12.5) = 6.25 kips 

HlaJv HL 

Allowable u = 0.15f^ = 0.15(3000) = 4-50 psi (par. 4-09) 


Try #3 at 2-l/2 in., A c = 0.53 in. 2 , 

s 


Zo * 5.7 in. 


? ; • * **•'>. ’• 

.IT 

r 

3.75" 

Y-7 . • 

A y 

''No. 3 ot 2 l/2 M 

7 

r 


P = A s / bd - 12(2/75) “ °‘ l6, 
np = 10(0.016) = 0.16 


j. Determination of Maximum Deflection and Dynamic Reactions by 
Numerical Integration. 


“p = p v 


bd 


1 pfd y 

■ ^dcj 


= 0 


.0l6(52)(l)(2.75 ) 2 Ji - = 5.5 kip-ft (eq 4.l6) 


I g = bh3 / 12 = (3. 75 ) 3 = 53.0 in. 4 
k =5 y n 2 p 2 + 2np - np = 0.428 
I t = bd 3 Jk 3 /3 + np(l - k) 2 ] 


= 12 ( 2 . 75 ) 3 


0.428 : 


— 

+ 0.16(1 - 0.428) 2 = 0. 945(2. 75) 3 = 19-6 in. 1 * 


I = 0.5(1 + I, ) = 0.5(53.0 + 19.6) = 36.3 in. 


g 


Weight = + 6.0] = 0.352 kips 


Mass m = ~p§ = 0.0109 kip-sec^/ft 


Elastic range : 

12 Mp 


R 


lm 


- weight = - 0.352 = 9.5 


kips 


, (384)3(10)336.3 . ^ 
1 L 3 (6.67) 3 l44 
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Elasto-plastic range: 

n l6Mp uri - 16(5.5) 
m " ~L~ _ = - 7 ^? / - 


k = 
ep 


384EI _ 1 


~ 0-352 = 12.9 kips 


5L- 


— = *5 k l == kips/ft 


y ep - y e + B \ ^ ' °-°°97 + - 0-02? « 

ep 

Plastic range: 

l^Mp 

R m = — £ weight = 12.9 kips 


» , 


Maximum Deflection = 5y E 




R m * 12.9 



"im* 9.S 

1/ 

/j^eI 1 

k| * 980 kip*/ft 

k| 

7 

T ' 

k E 3 781 kips/ft 


/ 

1 | 

k ep 3 196 kips/ft 

/ 

V 

I If 

y« * 0.0097ft 

/ 

! 1 1 

y E 3 0.0165 ft 

L_ 

1 1 .. 

W 0.027 ft 

L— 1 1 1 


y E».p 


Deflection, y (ft) 


General : 

= 35^ k ! = 3§£ (980) = 781 kips/ft 

y E = ^fsi = 0,016 ^ « 

y m = op y E = 5(0.0165) = 0.0825 ft 

T n - = 6 - 28 V °- 77 fe° 109) 


= 0.0206 sec 

The basic equation for the numerical 

Figure 7.14. Resistance function for 

3-3/4-in. slab spanning 6.67 ft integration in table 7-3 is: 

n + 1 = y n (At)2 + ^n " y n - 1 (table 5 * 3) 

^ <P„ - B n )(z* ' 2 


_ (P - B )(At) 2 (P - E )(0.0017l) 2 
y (At J = — — rzr\ = Tr — m 


W m) 


(P - R )(0.0017l) 2 2, 

y n< At ) " ^oTnkoIogT = 3,48 < 10 ' } ( p n - V ft ' elastic railge 


11 u . ( f^u.uiu^; u 11 

_ (P - R )(0. 00171 ) 2 h 

- - Vfsf oi-0 9 1 3.439(10- )(p n - V ft, p ^ range) 

„ (P - R )(0. 00171 ) 2 JL 

^n< At ) " n o. 66 (0.0109) " 4,064 < 10 ‘ >< P n - V ft ' Plastlc range 
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Table 7.3. Determination of Maximum Deflection and Dynamic 
Reactions for Roof Slab 


t 

p 

n 

R 

n 

P - R 
n n 

y n (At) 2 

y n 

V 

n 

(sec) 

(kips ) 

(kips) 

(kips) 

(ft) 

(ft) 

(kips) 

0 

9.6 

0 

4.80 

0.00167 

0 

1.3k 

0.00171 

9-55 

1.64 

7.91 

0.00275 

0.00167 

1-93 

0.00342 

9.50 

5-97 

3.53 

0.00123 

0.00609 

3.48 

0.00513 

9^5 

9.90 

-0.45 

-0.00015 

0.01174 

4.90 

O.OO685 

9.40 

10.98 

-I.58 

-0.00054 

0.01724 

5.31 

O.OO856 

9-35 

11.95 

-2.60 

-0.00089 

0.02220 

5.69 

0.01027 

9.30 

12.90 

-3.80 

-o.ooi46 

0.02627 

6.02 

O.OII98 

9.25 

12.90 

-3.65 

-o.ooi48 

0.02888 

6.01 

0.01370 

9.20 

12.90 

-3.70 

-0.00150 

0.03001* 

6.00 

0.01541 

9.16 

12.54 

-3.38 

-0.00118 

0. 02964 

5*79 

0.01712 

9.11 

11.02 

-1.91 

-0.00066 

0.02809 

5.24 

* (y ) = 0.03 ft. 

w n'max 


The time interval At = 0.00171 sec is approx im ately T n /lO = 0.00206 
(par. 5-08). The value used is t Q /40 "because the incident overpressure 
data is presented in terms of t (EM 1110-345-413). 

The dynamic reaction equations are listed in paragraph 7-22b. The P R 
values for the second column are obtained from figure 7*8, multiplying by 


144 ( 6.67 )/lOOO =0.96. 

The maximum deflection (y ) computed in table 7.3 is 0.03 ft which 

n max 

is less t han the allowable y m of 0.08 ft. This is satisfactory because 
thin slabs are very sensitive. Note the variation in E and W in the 
two trials (pars. 7-22e and h). 

„ ^ y n^max 0.03 a. nv 

“P - -jg— - <nm * 1 - 8; 0K 


k. Shear Strength and Bond Stress. 

V =6.02 kips (table 7*3) 
max 

For no shear reinforcement 

Allowable v y = 0.04f^ + 5000p (eq 4.24a) 
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V = 0.04(3000) + 5000 ( 0 . 016 ) = 120 + 80 = 200 psi 

8 V 8(6020) 

V = 7 bd = 7(l2 ~ ) ' C2. 75) = 209 PS1 

Slightly overstressed, OK to use 

u = _§Y_ = 8 ( 6 0 20 ) , _ ^ 

72bd 7(5.7)2.75 P 

Allowable u = 0.15f^ = 0.15(3000) = ^50 psij OK 
1. Summary. 

3 , 3 /U-in. slab, #3 at 2 - 1/2 in, 

p = 0.016 

No shear reinforcement 


7-23 DESIGN OF ROOF PURLINS. The purlins are framed flush with the tops 
of the girders and are provided with moment -resisting connections. Connec- 
tions attached to the top flanges of the purlins are embedded in the con- 
crete slab to provide lateral support to the top compression flange and to 
prevent separation of slab from purlin in reversals. 

Although composite behavior of the slab and purlin can be expected to 
develop to a limited extent, preliminary computations showed that design 
for independent behavior of slab and purlin is more desirable for this ar- 
rangement of members (pars. 4-12 and 6 - 23 ). 

Thp purlins are designed for plastic behavior so that hinges are con- 
sidered to develop at midspan and at the supports. In the design proce- 
dures of this manual only single- , | 

span elements can be handled. | [J — ===== — — _LJ=:- 

Therefore, the continuity of the l8 ._ 0 - j 

purlins is accounted for approxi- 
mately by designing interior pur- i 1 1 1 1 I I I T TTTTITITriTITfTTl 


lins as fixed- end beams spanning 


L * 18.0' 


18 ft between girder centerlines. r 

Depending on the exterior support condition the exterior purlins are de- 
signed as fixed-pinned beams or as fixed-fixed beams. In this example a 

typical interior purlin is designed. 

a. Loading. To present a complete picture of the loads that need be 
considered acting on purlins, two directions for the blast wave are consid- 
ered (par. 3 _ 09 )* 
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For the blast wave moving normal to the long axis of the building and 
thus normal to the axis of the purlin, the loading may be considered to be 
uniformly distributed along the length of the purlin* For this condition 
the pressure vs time variation at each point along the roof is a function 
of its position (par* 3~09)- addition the load bn a purlin is a func- 
tion of the length of the slab spans because the load on the purlin builds 
up to a maximum value in the time required for the blast wave to traverse 
the two adjoining slabs. In the preliminary design of the purlins the de- 
sign load is the simplest form of the roof load obtained from the incident 
overpressure vs time curve. The rise time, slab dynamic reactions, and 
local variation are all neglected in this preliminary step. 

For the blast wave moving parallel to the long axis of the building 
and thus parallel to the axis of the purlin, the load varies along the span 
as a result of the time required for the blast wave to traverse the purlin 
span. At any point along the purlin the time variation of the load is the 
same and defined by the incident overpressure vs time curve. 

In the calculations that follow the load vs time curves for the pur- 
lin are obtained first for the blast wave moving parallel to the long axis 
of the building and then for the blast wave moving parallel to the short 
axis of the building. 


Face of Front Wall 




3 at 6.67' 

3 at 6.67' 



_ . A B 

8.42 . 1 


N 

43.5' 




Face of Rear wall purlin obtained by the 

preliminary design procedure is 
analyzed for both loads in 
tables 7.5, 7.6, and 7.7. 

Blast wave moving perpendicular to 
the long axis of the building: 

From the procedure of para- 


graph 3 - 09 d the data for point (A) at purlin (A) are: 

8.42 


t 

d ' U o 


1S03 


= 0.006 sec 


= |o.o42 + (0.108) 1403 = 88.1 fps 


t .£1 
m v 


8. -42 A 

BE3 = 0,096 sec 


0 . 5 (t d + t m ) = 0 . 5 ( 0.006 +O.O96) = 0.051 sec 


4-2 
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+ ^ TT ~ ^*^9^ + 15 = ^*266 sec 

k fe) (x - x ) + 1 = k (i5?f) (ifrl * x ) + 1 = - 1 - 2 

IMs value must be >0; it is therefore taken as zero. 

The resulting variations in the ratio of local roof overpress ur e to 
incident overpressure for "both points (A) and (B) are plotted in figure 
7.15* The calculations for point (b) are not shown but are similar to 
those for point (a). 

By combining figure 7-15 and the incident overpressure curve (fig. 
7.8) the variation of local roof overpressure with time is determined (fig. 
7.l6) for points (A) and (B). The calculations of local roof overpressure 
for point (A) are contained in table 7-4. The calculations of data for 
point (B) are not shown. 

Table 7.4. Computation of Local Roof Overpressure at Point (A) 



t - t . 

* -*d 

p 

s 

p 

P 

P 

roof 

p 

t 

(sec ) 

d 

(sec) 

t 

o 

0 

(fig. 7.15) 

S 

(fig. 7.8) 

p 

s 

roof 

(psi) 

0.00475 

0 

0 

1.0 

10.0 

1.0 

10.0 

0.0429 

O.O3815 

0.0558 

O.893 

8.93 

1.0 

8.93 

0.07325 

0.0685 

0.1 

0.8l4 

8. 14 

0.205 

1.67 

0.0810 

0.07625 

0.1115 

0.795 

7-95 

0.0 

0.0 

o.i4i75 

0. 1370 

0.20 

0.655 

6.55 

0.380 

2.49 

0.21025 

0.2055 

0.30 

0.519 

5.19 

0.810 

4.20 

0.24100 

0.23625 

0.346 

0.463 

4.63 

1.0 

4.63 

0.27875 

0.274 

0.4 

0.402 

4.02 

1.0 

4.02 

0.34725 

0.3425 

0.5 

0.303 

3.03 

1.0 

3.03 

0.41575 

0.4il 

0.6 

0.220 

2.20 

1.0 

2.20 

0.48375 

0.479 

0.7 

0.149 

1.49 

1.0 

1.49 

0.55275 

0.548 

0.8 

0.090 

0.90 

1.0 

0.90 

0.62075 

O.616 

0.9 

o.o4i 

0.4l 

1.0 

0.4l 

0.68975 

0.685 

1.0 

0.0 

0.0 

1.0 

0.0 

The data 

in the last column are plotted in figure 7* l6. 




The roof slab is analyzed in table 7-5 for both local overpressure vs 
time curves presented in figure f.l£. The analysis in table 7*5 is based 

^3 




J\0.0I07 ^ 0.1 0.135 0.2 

0.006 0.096 

Time, t (sec) 

Figure 7.15. Ratio of local roof overpressure to incident overpressure for points (A) and 
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Figure 7.16. Local roof overpressure vs time for points (A) and (B) 
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Table 7.5. Determination of Dynamic Reactions for Roof Slab, 
Local Roof Overpressure at Purlins (A) and (B) 


t 

(sec) 

Purlin (A) 

Purlin (B) 

P 

n 

(kips ) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

y n (At ) 2 

(ft) 

y n 

(ft) 

V * 
n 

(kips) 

P 

n 

(kips ) 

V 

(kips ) 

0 

0.002 

o.oo 4 

0.006 

0.008 

0.010 

0.012 

0.014 

O.OI6 

0.018 

0.020 

0.022 

0.024 

0.026 

0.028 

0.030 

0.032 

0.034 

O.O36 

O.O38 

0.040 

0.042 

0.044 

0.046 

o.o 48 

0.050 

0.052 

0.054 

0.056 

0.058 

0.060 

0.062 

o.o 64 

0.066 

0.068 

0 

3-97 

7.94 

9.47 

9.42 

9.36 

9.30 

9.25 

9.20 

9.14 

9.09 

9-03 

8.98 

8.93 

8.88 

8.82 

8.76 

8.70 

8.64 
8.60 
8.56 

8.10 

7.64 
7.18 

6.70 
6.24 
5-78 
5.32 
4.86 
4.38 
3-88 
3-46 
3-00 
2.54 
2.06 

0 

0.29 

2.30 

6.94 
10.15 
11.24 
12.17 
12.83 
12.90 
12.54 
10.59 

7.94 

0.62 

3-68 

5.64 

2.53 

- 0.13 

-1.88 

-2.87 

-3.58 

- 3.70 

- 3.40 

-1.50 

+0.00030 

0.00175 

0.00268 

0.00120 

- 0.00034 

- 0.00088 

- 0.00134 

-0.00168 

-0.00206 

-0.00162 

-0.00071 

0 

0.00030 

0.00235 

0.00708 

0.01301 

0.01860 

0.02331 

0.02668 

0.02837 

0.02800 

0.02601 

0.02331 

0 

0.66 

1.94 

3.83 

5.00 

5.41 
5.77 

6.02 

6.00 

5-79 

5.08 

4.51 

4.49 
4.46 
4.44 

4 . 4 1 
4.38 
4.35 
4.32 
4.30 
4.28 
4.05 
3.82 
3-59 
3-35 
3-12 
2.89 
2.66 
2.43 
2.19 
1.94 
1.73 

1.50 
1.27 

1.03 

0 

3.97 
7.94 
9.47 
9.42 
9-36 
9.30 
9.25 
9.20 
9.14 
9.09 
9.03 

8.98 
8.93 
8.88 
8.82 
8.76 
8.70 
8.64 
8.60 
8.54 
8.50 
8.44 
8.38 
8.34 
8.28 
8.22 
8.18 
8.12 
8.08 
8.02 
7.96 

0 

0.66 

1.94 

3.83 

5.00 
5.41 

5-77 
6. 02 

6.00 

5-79 

5.08 

4.51 

4.49 

4.46 

4.44 

4 '. 4 l 

4.38 

4.35 

4.32 

4.30 

4.27 

4.25 

4.22 

4.19 

4.17 

4 .i 4 

4.11 

4.09 
4.06 
4.04 

4.01 

3.98 


* From t = 0.020 the values of are equal to 0.50P n . 
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on the following data developed in paragraph 7-22j and the resistance dia- 
gram for the roof slab (fig. 7-1*0: 

Elastic range: 


y n (At) 2 = 3.h8(lO~ k Xl? n - R n ) ft 


2 -h 

Elasto-plastic range: y n (At) = 3-^39(l0~ )(P n - R n ) ft 


Plastic range: 


y n (At) 2 = 4.064(l0- 4 )(P n - R n ) ft 


The object of this computation is to determine the slab dynamic reactions 
on the purlins . 

The maximum response of the slab to these loads occurs before there 
is any difference between the loads at (A) and (B), thus the dynamic reac- 
tions of the slabs at purlins (A) and (B) are the same until the dynamic 
reactions are based on the applied load P above. The last two columns of 
table 7-5 show the applied load and the dynamic reactions at purlin (B). 

To obtain the design load for purlins (A) and (B) the dynamic reac- 
tion data from table 7*5 are plotted in figure 7-17- The total purlin load 
is equal to the sum of the reactions of the slabs forward and aft of the 
purlin. In figure 7.17, it may be seen that the same dynamic reactions are 
plotted with a time lag 

*1*8 * IS53 ’ °' 00W SSC 

The loads from figure 7.17 are used In tables 7.6 and 7.7 (par. 7-23J) to 
check the preliminary purlin design. 

Blast wave moving parallel to the long axis of the building: 

The design load on the purlin is determined in figure 7 -17a using 
the s lab dynamic reactions obtained in table 7-3 for incident overpressure. 
The variation of the average load on the purlin with time is found by 
plotting the same dynamic reaction curve with a time lag 

18 


*d = 


1503 


= 0.0128 sec 


f Th<=> variation in slab dynamic reaction with time is the same at each point 
along the purlin. The load curve from figure 7- 17a is used in table 7.8 
to check the preliminary purlin design. 

Preliminary design: 

For preliminary design it is desirable to use a simple load-time 
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Figure 7,17a , Design Loads for any purlin for incident overpressure 
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curve. The design load as idealized from the computed loading shovn by 
figure 7.8 is defined by 

B - 10 psi = - 10 < 1 ^ 67 ^ - 173 H.PS 
T =0.38 sec 


7-23b 



b. Dynamic Design Factors. (Refer to table 6.1.) 
Elastic range: 

K. = 0.53, 

^s 

R lm " L 

V 1 = 0 . 36 R + o.i 4 p, 

Elasto-plastic range: 

= 0.64, 

R m = l (M Ps + “Pm^ 

V = 0 . 39 R + 0 . 11 P 

Plastic range: 

= 0.50, 

\ + V 

V = 0 . 38 R m + 0.12P 


% ’ oAl ’ 
_ 384EI 


= °- 5 °^ 
_ 384EI 


^ = °' 77 


^ - °' 78 


k ep = 




Km - 0-33, 


Km 


= 0.66 


Average values: 

^ = 0.5(0.64 + 0.50) = 0.57 
^ = 0.5(0.50 + 0.33) = 0.42 
= 0.5(0.78 + 0.77) = 0.77 

- I'*'?* * M Pm ) 

V _ 307EI 

I? 


C. First Trial - Actua l Properties. 
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Let ao = 6 (par. 6-26) 

Assume CL, =1.0 (experience) 

JR 

R m = Cj^ = 1.0(173) = 173 kiP s 


Mp = l-05Sf dy = 1,05 ^ 1, - 6 ^ - S - = 3-64S kip-ft (S in in. 3 ) (eq 4.2a) 

r = ^ = 173, .*• S = 53.5 in. 3 

m L lo 


Try l6 36, ^ 

S = 56.3 in. 3 , Z = 64 in. 3 , 0.5(S + Z) = 60.1 in. 3 , I = 446 in. 

^ ^§_+_zj = = 208 kip-ft (eq 4.2) 


En . ^ 

. 307EI . ( 307 ) 30 ( 10 ) 3 W . 1,000 kips/ft 
L 3 ' l8 3 (lW) 

■ \ - si§ - °- 0378 « 

y ■ as y = 6(0.0378) = 0.2268 ft (par. 6-26) 


Weight = + S.oJiiQMl + MM2 = 6.35 ♦ 0.65 = 7.0 Hpe 

Mass m = = 0.217 kip-aeL/ft 

d. First Trial - Equivalent System Properties. 

R = K_R = 0.57(185) = 105.5 kips (eq 6.12) 
me I a 

H e = K L H = °*57(32.9) = 18,75 kip-sec (eq 6.2) 
m e = V = °'^ 2 (°* 21T ^ = °- 091 kip-sec 2 /ft (eq 6.18) 


(H ) 2 
W P = ^“ 

e 


= = 1930 ft-kips 


2(0.091 


T n = = 6.28-^0.77(0.217 )/4900 = 0.0368 sec 

e. Work Done vs Energy Absorptio n Capacity ♦_ 

= T/T n = O.38/O.O368 = 10.3 

Cp = R^ = 185/173 = 1-07 (eq.s 6.15, 6.16) 

t^T = 0.12 (fig. 5*29) 
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t = (0.12)0.38 = 0.0455 sec 

Idealized load-time curve is satisfactory at t = O.CA-5 sec (par. 5-13) 

C w = 0.008 (fig. 5.27) 

W m = C W W P = °‘ 0 °S( 1 930) = 15-4 ft -kips (eq 6.17) 

E = R me (y m - 0.5y E ) = 105.5 [0.2268 - 0.5(0.0378)] 


= 22.0 ft-kips (eq. 6.l8) 

E > W, therefore the selected proportions are satisfactory as a pre- 
liminary design. 

Try to bring E closer to W by smother trial that follows, 
f . Second Trial - Actual Properties. 

0.25W m + 0.75E _ 0.25 (15.4) + 0.75(22.0) 

R ss 1 za i *“ 


m 




o.5y E ) 


(0.57)[o.2268 - 0.5(0.0378)] 


= 172 kips (eq 6.19] 


Since R = 172 *» 173 from first trial, try 
m 


R = 
m 


°‘5 W m + 0,5E 0.5(15.4 + 22.0) _ A M 

K L (y m - o.'^T " - ~ 155 Mps 


R m L 


l6Mp 


E / 0.57(0.208) 

= 16(3.64S ) = ^ g = 48.5 

Try l4 W 34, 

S = 48.5 in. 3 , Z = 54.5 in. 3 , 0.5(S + Z) = 51-5 in. 3 , 

( S ±J±l = = 178 kip-ft (eq 4.2) 

R m = "T~ = ^lET^ = 159 kipS 

J~ = 3Q7EI = 307(30 )10 3 (339. 2) = 3720 klps / ft 

^ l 3 i8 3 (i44) 

*E " M = °*° 427 ft 

y = as y_, = 6(0.0427) = 0.2562 (par. 6-26) 

U HL j£ 

g. Second Trial - Equivalent System Properties. 

R = K-R = 0.57(159) = 90.5 kips (eq 6.12) 

me Ti m 

k e = ^l^e = °* 57(3720) = 2120 kips/ft (eq 6.6) 

H e = KjH = 0.57(32.9) = 18-75 kip-sec (eq 6.2) 


m = 
e 


= K^n = 0.42(0.217) = 0.091 kip-sec / ft (eq 6.8) 


1 = 339.2 in. 
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H ^ 2 

W P = SH = 2^091) * X 930 ft-kips 


T n = 2iti 


= 6. 28^0.77(0. 217 )/3720 * o.o 42 sec 


k* Work Done vs Energy Absorption Capacity. 

C T = T/T n = 0.38/0.042 = 9.05 

C R = V B = 1 59/173 =0.92 

C w = 0. 022 

W m = °* 022 ( 1 930) = 42.5; too large, use initial trial 16 VF36 


i. Prelimir 


’ Design for Shear Stress. 


Estimated = 0.5R m = 0.5(185) = 92-5 kips 


v 92,500 
t w d 0.299(15.85, 


= 19, 500 psi 


Allowable v = 21,000 psi; OK (par. 4-05c) 
j . Determination of Maximum Deflection and 
Numerical Integration. 


aic Reactions in 


16 W 36 , 

S = 56.3 in. 3 , Z = 64 in. 3 , 0.5(S + Z) = 60.1 in. 3 , I = 446 in.^ 

Mp = 208 kip-ft 

Weight =7.0 kips 

Mass m = 0.217 kip-sec /ft 


Elastic range: 

R lm = " weight = — ^ - 7.0 - 132.0 kips 

^8to = 1384J 3 o(io) 3 446 = 6l30 kips/ft 
1 L 3 i8 3 (i44) 

R Im 132.0 „ /wir . ^ 

y„ = -tt- = ZTZrT = 0.0215 ft 


f e k x 6130 


Elasto-plastic range: 


R = 
m 


weight 


= 1 - 7.0 = 178.O kips 


k = 38 ^ R - =ik. = 1226 kips/ft 

e P 5L 3 5 1 
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y„ = y 
ep e 


R — R 

+ -A — = 0.0215 + — = 0.0215 + 0.0375 = 0.059 ft 


k 


Plastic range: 

l«Mp 


R = 
m 


ep 


- weight = 178 .O kips 


1 Maximum Deflection * 6yg 1 


R m * 178 

Jt. 

( ep 

R, m *l32 

,/Xi 

k, * 6130 kips/ft 

k, 

ij n i 

kg * 4900 kips/ft 


4j i 

k ep * 1226 kips/ft 

J 

/ 1 

1 1 

y e * 0.0215 ft 

// 

y F * 0.0363 ft 

t 1 1 

y^p * 0.059 ft 

y« y E v 

ep 


Deflection, y (ft) 

Figure 

7.18. Resistance function for 

16 W 36 purlin spanning 18 ft 


kg = — ~ = 4900 kips/ft 


y E = 


^ - m? - «-«« 3 « 


m 


= ap y E = 6 ( 0 . 0363 ) = 0.2178 


Hie basic equation for the 
numerical integration in tables 7 - 6 , 
7 . 7 , and 7-8 is y n + ] _ = y^At ) 2 + 


2y - y 
n n 


^ (table 5 - 3 ) where 


Table 7.6. Determination of Maximum Deflection and Dynamic Reactions for Purlin (A) 

( Zone 3 Local Roof Overpressure ) 


t 

P 

n 

R 

n 

P - R 
n el 

y n (At) 2 

y n 

V 

n 

(sec ) 

(kips) 

(kips) 

(kips) 

(ft) 

(ft) 

• (kips) 

0 

0 

0 

30 

0.00018 


0 

0.003 

20.7 

1.1 

19.6 

0.00106 

0.00018 

3*3 

0.006 

73-8 

9.0 

64.8 

0.00349 

0.00142 

13.6 

0.009 

129.6 

38.8 

90,8 

0.00489 

0.00615 

32.1 

0.012 

180.0 

99-5 

80.5 

0.00434 

0.01577 

61.0 

0.015 

207.0 

142.1 

64.9 

0.00345 

0.02973 

78.1 

0.018 

212.4 

163.4 

49.0 

0.00260 

0.04714 

87.I 

0.021 

192.6 

178.0 

14.6 

O.OOO92 

0.06715 

90.8* 

0.024 

176.4 

178.0 

- 1.6 

- 0.00010 

0.08808 

88.8 

0.027 

163.8 

178.0 

- 14.2 

-O.OOO89 

0.10891 

87.3 

0.030 

160.2 

178.0 

-17.8 

- 0.00112 

0. 12885 

86.8 

0.033 

158.4 

178.0 

-19.6 

-0.00123 

0. 14767 

86.6 

0.036 

156.6 

178.0 

- 21.4 

- 0.00134 

0. 16526 

86.4 

0.039 

154.8 

178.0 

-23.2 

- 0.00146 

0.18151 

86.2 

0.042 

151.2 

178.0 

-26.8 

-0.00168 

0.19630 

85.8 

0.045 

145.8 

178.0 

-32.2 

- 0.00202 

0.20941 

85.1 

o.o48 

131.4 

178.0 

- 46.6 

-0.00293 

0.22050 

83.4 

0.051 

118.8 

178.0 

- 59.2 

- 0.00372 

0.22866 

81.9 

0.054 

104.4 

178.0 

- 73.6 

- 0.00463 

0; 23310 

80.2 

0.057 

93.6 

176.8 

-83.2 

- 0.00448 

0.23291 

76.8 

0.060 

81.0 

147.3 

-66.3 

-0.00357 

0.22824 

64.4 

0.063 

68.4 

95.3 

-26.9 

- 0.00145 

0.22000 

43.9 

0.066 

55.8 

34.2 



0.21031 

27-9 

0.069 

45.0 




22.5 

* (v ) 

x n max 

s 90.8 kips. 
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Table 7 . 7 . Determination of Maximum Deflection and Dynamic Reactions for Purlin (B) 

(Zone 3 Local Roof Overpressure) 


t 

P 

EL 

R 

n 

P - R 
n n 

yJ At > 2 

y n 

V 

(sec) 

(kips) 

(kips) 

(kips) 

(rt) 

(ft) 

(kips) 

0 

0 

0 

3.3 

0.00018 

0 

0 

0.003 

20.7 

1.1 

19.6 

0.00106 

0.00018 

3-3 

0.006 

73-8 

9.0 

64.8 

0.00349 

0.00142 

13.6 

0.009 

129.6 

38.8 

90.8 

0.00489 

0.00615 

32.1 

0.012 

180.0 

99*5 

80.5 

0.00434 

0.01577 

6l.O 

0.015 

207.0 

142.1 

64.9 

0.00345 

0.02973 

78.1 

0.018 

212.4 

163.4 

49.0 

0.00260 

0.04714 

87.1 

0.021 

192.6 

178.0 

14.6 

O.OOO92 

0.06715 

90.8* 

0.024 

176.4 

178.0 

-1.6 

-0.00010 

0.08808 

88.8 

0.027 

163.8 

178.0 

-14.2 

-O.OOO89 

O.IO89I 

87.3 

0.030 

160.2 

178.0 

-17.8 

-0.00112 

0.12885 

86.8 

0.033 

158. k 

178.0 

-19.6 

-0.00123 

0.14767 

86.6 

0.036 

156.6 

178.0 

-21.4 

-0.00134 

0.16526 

86.4 

0.039 

154.8 

178.0 

-23.2 

-0.00146 

0.18151 

86.2 

0.042 

153-5 

178.0 

-24.5 

-0.00154 

O.1963O 

86.1 

0.045 

152.1 

178.0 

-25.9 

-O.OOI63 

0.20955 

85.9 

0.048 

150.7 

178.0 

-27.3 

-0.00172 

0.22117 

85.7 

0.051 

149.3 

178.0 

-28.7 

-0.00180 

0.23107 

85.6 

0.054 

147.9 

178.0 

-30.1 

-O.OOI89 

0.23917 

85.4 

0.057 

146.5 

178.0 

-31.5 

-0.00198 

0.24538 

85.2 

0.060 

145.1 

178.0 

-32.9 

-0.00207 

0.24961 

85.1 

0.063 

143.7 

178.0 

-34.3 

-0.00216 

0.25177 

84.9 

0.066 

142.3 

178.0 

-35.7 

-0.00224 

0.25177 

84.7 

0.069 

140-9 

163.9 

-23.0 

-0.00124 

0.24953 

78.7 

0.072 

139-5 

141.9 



0.24605 

70.6 

Mr (V ) 
v n'max 

= 90.8* kips. 







Table 7.8. 


Determination of Maximum Deflection and Dynamic Reactions for any Purlin 
(Incident Overpressure) 


t 

(sec ) 

P 

n 

(kips) 

R 

EL 

(kips ) 

P - R 
n n 

(kips) 

y n (At) 2 

(ft) 

y n 

(ft) 

V 

EL 

(kips) 

0 

0 

0 

2.8 

0.00015 

0 


0.003 

18.0 

0.9 

17-1 

0.00092 

0.00015 


0.006 

50.4 

7.5 

42.9 

0.00231 

0.00122 


0.009 

97-2 

28.2 

69.O 

0.00372 

0.00460 


0.012 

147-6 

71.7 

75.9 

0.00409 

0.01170 


0.015 

183.6 

133.7 

49.9 

0.00265 

0.02289 


0.018 

201.6 

150.7 

50.9 

0.00271 

0.03673 


0.021 

194.4 

171.0 

23. u 

0.00124 

0.05328 


0. 024 

183.6 

178.0 

5.6 

0.00035 

0.07107 

89.7 

0.027 

172.8 

178.0 

-5.2 

-0.00033 

0.08921 

0.030 

162.0 

178.0 

-l6.0 

-0.00101 

0. 10702 


0.033 

160.6 

178.0 

-17.4 

-0.00109 

0.12382 


O.O36 

159.2 

178.0 

-18.8 

-0.00118 

0.13953 


0.039 

157.8 

178.0 

-20.2 

-0.00127 

0.15406 


0.042 

156.5 

178.0 

-21.5 

-0.00135 

0. 16732 


0.045 

155.1 

178.0 

-22.9 

-0.00144 

0. 17923 


0.048 

153.7 

178.0 

-24.3 

-0.00153 

0. 18970 


0.051 

152.3 

178.0 

»25.7 

-0.00161 

0.19864 


0.054 

150.9 

178.0 

-27.1 

-0.00170 

0.20597 


0.057 

149.5 

178.0 

-28.5 

-0.00179 

0.21160 


0.060 

148.2 

178.0 

-29.8 

-0.00187 

0.21544 


O.O63 

146.8 

178.0 

-31.2 

-0.00196 

0.21741 


0.066 

O.O69 

145.4 

178.0 

-32.6 

-0.00205 

0.21742 

0.21538 
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y n (Atr 


y n (At)‘ 


y n (At)‘ 


(p n - R n )(Atr 


I 


(F n ' V 9(ltr<5) 
0 . 77 ( 0 . 217 ; 


(P n ” R n )9(l0- 6 ) 


^(At) 2 = 


= 5*386(lO ^)(P a - R n ) ft, elastic range 

0 . T 8T6T217 ) = 5* 317(l0 - ^ )(P n - R ) ft, elasto-plastic 

range 

= 6.284(lO -5 )(P - R ) ft, plastic range 


(F, - H n )9(lO“ 6 ) 


0.66(0.217) 


The time interval At = 0.003 sec is approximately T /lO = 0.00368 sec 
(par. 5-08). 

The dynamic reaction equations are listed in paragraph 7-23b. The P 
values for tables 7*6 and 7*7, second column, are obtained from figure 7*17; 
multiplying by 18 to account for the length of the purlin. For table 7.8 
the P q values in the second column are obtained from figure 7* 17a multiply- 
ing by 2 x 18 = 36 to account for the two slabs loading the purlin. 

The maximum deflection (y ) computed in table 7*7 is 0.252 ft. ^ 

Thus op = = 6.9 > 6. This is satisfactory for this purpose. All j|| 

other purlins are less critical. 

k. Shear Stress Check. 

V max = 90,8 1,11)3 ( tables 7*6 5X1,1 7*7) 


v = 


V 90,800 ^ , 

dt w “ 15.85(0.299) “ 19,200 psi 


Allowable v = 21,000 psi; OK (par. 4-05c) 


0.428“ 



1. Check Proportions for Local 
Buckling . (par. 4-06d) 

16 W 36 , b = 6.992, t f = 0.428, 
a = 15.0, t w = 0.299 
b/t = 6.99/ 0.428 = 16.4 > 14.0, OK; 

slab provides support 
a/t v = 15.0/0.299 = 50.2 > 30, NG; longi- 
tudinal stiffeners required 
t s = 3/8 > 0.299, OK 
\A S = 6 '> b s = 6t s = 6 (3/8) = 2.25 in. 
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Use two plates 3/8 in. by 2-1 fk in. full length. 

c/t v = (5.25 - 0.1+3 )/0.299 = 16 < 22; OK' 
e/t v = (10.25 - 0.1+3 )/0.299 = 32.8 < 1+0; OK 
7-21+ PRELIMIMRY DESIGN OF COLUMNS. A single-story frame subject to lat- 
eral load behaves essentially as a single-degree-of -freedom system with the 
columns displaying the spring properties. It is therefore unne cessary to 
substitute an equivalent system for the original structure and the mass and 
load factors which sire necessary in the design of beams and slabs are not 
used in the design of single-story frames. 

The preliminary plastic de- 
sign procedure of paragraph 6-11 
is the basis for determining the 
preliminary column size. The 
equations of paragraph 7-0 6 sire 
incorporated into the procedure 
of paragraph 6-11 replacing some of the factors that are used to determine 
equivalent systems. 

For purposes of preliminary design the frame girders are assumed to 
be infinitely rigid thus simplifying the determination of the column spring 
constant. For spring constant computation the effective column height h 
is 16 ft based on an assumed girder- depth of 3 ft and a clear height h Q of 
lh.5 ft. The clear height is used in determining the resistance of the 
columns (par. 7 -06). 

In the prel iminar y design of steel columns it is desirable that the 
energy absorption capacity be greater than the work done on the frame as an 
allowance for the factors which are neglected. These factors are: (l) the 
effect of direct stress on the plastic hinge moment, (2) the effect of lat- 
eral deflection of the column on its resistance, and (3) the effect of 
girder flexibility. 

a. Design Loading. The design lateral load on the frame is obtained 
from the dynamic reactions at the top of the front wall slab. However, for 
preliminary design computations, it is satisfactory to use the net lateral 
overpressure curve (fig. 7 • U ) • 

The net lateral load is assumed to be reacted equally by the frame 




> 


57 



EM 1110-345-417 
15 Jan 58 


7-2413 


and the foundation. This results in a conservative load for the fr ame 
since the dynamic reaction equations for the wall slab (par. 7-21b) result 
in footing reactions that are larger than the roof reactions. 

k The design load as idealized from the computed 

B = 595 kips 

loading as shown by figure 7. 11 is defined by 


25. 3(144 + 0.31 


T* 0.062 sec 


B = 25.3 psi L-£ 

* 1000 

T = 0.062 sec 

h = f . ^.45 u,., 


•595 tips 


b. Mass Computation. 


Slab and roofing H 

Puriins —^5" - - = 5-3 kips 


= 41.4 kips 


Girder (estimate) 


=6.5 kips 


Connections (allow 10$) = 0.1(5. 3 +6.5) = 1.2 kips 


Columns (estimate) 


=6.1 kips 


Mass of single-degree-of -freedom system = total roof + 1/3 (columns 
and walls) 

» ,Jah i ajLis \\-i + ,2.6k up-sec 2 /** 

id m d id • d 

c. First 'Trial - Actual Properties. 

Let ap = 12 (par. 6-26) 

Assume = 0 . 5 (experience) 

R = CLB = 0.5(595) = 297 kips 

m it 

Mp = 1.05Sf « hSZ&dA H s = 3.64s kip-ft (S in in. 3 )(eq. 4.2a) 


Mp = 1.05Sf^ = ^ S = 3-b^S kip-ft (.S in in.-^eq. 4.2a; 

R m = (2nMp)/h c = [2(3)3. 64s]/l4.5 = 1-51S = 297, •*. S = 197 in. 3 
Smallest column that satisfies buckling criteria is l4 VFI36 
(par. 4-06d) 

S = 216.0 in. 3 , Z = 242.7 in. 3 , I = 1593 ind, 0.5(S + Z) = 229*3 in; 
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a/t = 12.63/0.66 = 19.2 < 22; OK 

Vt f = 14.74/1.063 =13.9 < 14.0; OK (par. 4-06d) 

Mp = 0.5(S + z)f dy = 3(4i. 6) = ?95 

2nM P 2(3)795 
14.5 


H = 
m 


328 kips 


- JSnn , 12(30)103(1^3)3 „ 2910 M5s/ft 


h 

R 


16 ^(lkk) 


X = 

e 


_m 3.28 q . 

k 2910 ^ 


x m = aM e = 12(0.113) = 1.35 ft 

T n = 2lt VV k = 6.28^2.64/2910 = O.I89 sec 
d. First Trial - Work Done vs Energy Absorption Capacity. 
T/T n = O.O62/O.I89 = 0.328 
C R = V B = 328/595 = 0.55 

t m /T = 1.3, t m = 1.3(0.062) = 0.0805 (fig- 5.29) 


The original load-time curve should be revised to obtain a closer ap- 
proximation to the total impulse up to time t ffi (par. 5-13)* The impulse up 
to t = 0.09 sec in figure 7*11 is 

H = 1.00 psi-sec (obtained by graphical integration) 

T = 2H/B = 2(l.0)/25.3 = 0.079 sec 
T/T n = 0.079/0.188 =0.42 

t^T = 1.2, t m = 1.2(0.079) = 0.095 (fig- 5.29) 

Try again for impulse up to t = 0.10 sec, H = 1.026 
T = 2(l.026)/25-3 = 0.081 sec 
T/T n = 0.081/0.189 =0.43 

tjn = 1.2, t = 1.2(0.081) = 0.097 « t = 0.10; OK (fig. 5-29) 

C w = 0.71 (fig. 5.27) 

W m = C w W p = 0.71(111) = 78.7 ft-kips 

E = R m (x m - = 328 [l.35 - 0.5(0.113)] = 426 ft-kips 

This column section (l4 ^136) is more than ample. Try to use a 


smaller column size. 
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e. Second Trial - Actual Properties. 


R = 
m 


0-5(W m + E) 


'm 


0.5(78.7 + 426) 252 

1-35 1.35 


= 187 kips 


, 2 ” M P 2(3)3-64s 
m h 14.5 

C 


= 187, S = 124 in. 3 


Try 12 TF 92 to satisfy buckling criteria (par. 4-04d). 

S = 125.0 in. 3 , Z = 130.0 in. 3 , I = 788.9 in. 1 *', 0.5(S + Z) 


a/t^ = 10.91/0.545 = 20 < 22 

b/t f = 12.155/0.856 = 14.2 «l4.0; OK 

Mp = o.5(s + zjf^ = 1 ^-^ 3 - 6 ) = ]+ia kip-ft 

r » - ^ ■ 182 
k - ^ - ^ - Qo .1 io 3 (788.3)3 . lhh0 ^ a/ft 
h 3 i6 3 (i44) 

x e = R = 182/1440 = 0.126 ft 


x m = O0 x e = 12(0.126) = 1.52 ft 

T n = 2nyfm/k = 6.28-^2.64/1440 = 0.268 sec 
f . Second Trial - Work Done vs Energy Absorption Capacity 


T/T n = 0.081/0.268 = 0.302 
C R = R m /B = 182/595 = 0.306 

tjT = 1.8, t = 1.8(0.081) = 0.146 sec (fig. 9-29) 

Revise the load-time curve as above (par. 5-13)- 
Impulse up to t = 0.18 sec in figure 7*11 is H = I.I96 psi 
T = 2H/B = 2(l.l96)/25.3 = 0.094 sec 
T/T n = 0.094/0.268 = 0.351 

t m /T = 1.8, t m = 1.8(0.094) = 0.17 sec; OK (fig. 5-29) 

C w = 0.82 (fig. 5-27) 



149.0 ft-kips 


W = C TT W_ = 0.82(149) = 122 ft-kips 
m tfP v 



Q ~ 2 ~ j = 266 ft-kips 


7-24e 


= 127.5 in . 3 


sec 
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This column section is ample. Another trial may he made to reduce 


the size further. 


g. Third Trial - Actual Properties. 


R = 
m 


o.5(w m + e) 0.5(3.22 + 266: 


= 128 kips 


E m - TT 5 ■ - 128 ' S - 85 ln - 3 

c ' 

Cry 10 ^77, S = 86.1 in. 3 , Z = 97.6 in. 3 , 0-5(S + Z) = 91.8 in. 3 , 
I = 457.2 in.\ A = 22.67 in. 2 
a/t^ = 8.89/0.535 = 1 6.6 < 22; OK 

b/t f = 10.195/0.868 = 11.75 < 14.0; OK 

Mp = 0.5(S + Z)^ = « 318 kip-ft 

T, 2DM P 2(3)318 _ 


R m = 


= 131 kips 


12EIn 


= 835 kips/ft 


h 3 i6 3 (i44) 

x e = R^k = 131/835 - 0. 157 ft 

x =«M = 12x = 12(0.157) = 1.88 ft 
m e e 

T n = 2jf'/m/k = 6.28-^2.64/835 = 0.353 sec 

h. Thi-rd Trial - Work Done vs Energy Absorption Capacity. 

T/T n = 0.094/0.353 = 0.27 
CL - R ,/B = 131/595 = 0.22 

xl . 

t m /T = 2.5, t m = 2.5(0.094) = 0.235 sec (fig. 5-29) 

Revise the load-time curve as above (par. 5 -13)* 

Impulse up to time = 0.25 sec is 1*30 psi-sec (fig. 7*ll) 
T = 2H/B = 2(1.30 )/25. 3 = 0.103 sec 
T/T n = 0.103/0.353 = 0.292 

tj? = 2.5 (fig- 5.29), t m = 2.5(0.103) = 0.257 sec; OK 
C w = 0.88 (fig. 5.26) 

w p = s - (f f /*■ - ’ 179 ft - ti5>s 
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7-2ki 


V = C w ¥ p = 0.88(179) = 157 ft-kips 
-31(1.88 -2-a) 


= 236 ft-kips 


This size is accepted for preliminary design. As noted above it is 
desirable to have E exceed W because of the approximations in the pre- 
liminary design procedure. 

i. Shear Stress Check of 10 W r 77« 

R 

Estimated V = ^ ^ = 44 kips in one column 

max 3 3 


v = 


V = 7700 psi 


t d 
w 


Allowable v = 21,000 psi (par. 4-05c); OK 

j. Slenderness Criterion for Beam Columns. (See par. 4-08. ) An ap- 
proximate evaluation of the column slenderness criterion is made before the 
column size is accepted for final analysis. The criterion is: 


Mp = 318 kip-ft 


0 (eq. 4.10) 


W 


Mp = — Mp = ( 318 ) = 212 kip-ft (a rough estimate) 

P p = f^A = 41.6(22.67) = 9^5 kips 

P D = = 139 kips, at t m = 0.257 sec (fig. 7-12) 

K' = 0.14 (table 4.l) 

K" = 0.50 (table 4.2) 

L = 14.5 ft (clear height) 
r = 2.60 in., b = 10.195 in.. 

Substituting gives 

/212\ Fo.l4(l4. 5)12(10. 62)1 , / 139 \ fO- 5(14.5)121 

\3l5/ L 100 ( 10 . 195 ) 0.868 J V955/ L 15 ( 2 . 60 ) J 


t^ = 0.868 in., d = 10.62 in. 


= O.I96 + 0.329 =0.53 < 1.0; OK 
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7-25 DESIGN OF ROOF GIRDER. Hie girders are rolled structural steel 



shapes continuous over two spans. Since the procedures of this manual con- 
sider only single-span elements, 
the girders are designed for 
vertical loads as beams fixed at 
the interior support and pinned 
at the exterior support. The 
vertical loads are of two kinds; 
uniformly distributed load due 
to the girder dead weight and two concentrated loads, static plus blast ap- 
plied by the purlins at the girder third-points. 

The design moment at the interior support is a combination of three 
superposed bending moments as follows: 

(1) The moment caused by the static loads; 

(2) The moment caused by the vertical blast loads; and 

( 3 ) The moment imposed by the central column in restraining lateral 
motion of the frame. 

The girder is designed for elastic behavior so that at all times it 
will be capable of providing the full restraint equal to the column plastic 
moment at each column support. For this two-span girder the column moment 
in the girder is equal to one-half the plastic hinge moment of the column 
(par. 7-H)- 

The basic design procedure is essentially the same as the elastic de- 
sign procedure illustrated in paragraph 6-12, Although this is an elastic 
design, the limiting moment is the plastic resisting moment of the section 
(par. 4-04b). 


The preliminary design load is based on an idealized version of the 
purlin dynamic reactions. After obtaining a satisfactory preliminary de- 
sign the actual average purlin dy n am i c reaction is used in a numerical in- 
tegration analysis to verify the preliminary design. 

a. loading. The critical girder loading results from the blast wave 
moving parallel to the girder axis. For this condition the average roof 
loads vary along the axis perpendicular to the girder from a maximum at the 
ends to a minimum over the central portion of the roof (par. 3-08d). To 
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obtain the vertical blast load on the girder it is necessary to determine: 

(1) The variation of Zone 3 local overpressure; 

(2) The slab dynamic reactions for these overpressures; and 

(3) The purlin dynamic reactions when loaded by the slab dynamic 
reactions. 


All this has been done in paragraph 7-23 in designing the purlins. 

The girder dynamic load is determined in figure 7-19 by adding the dynamic 
reactions of purlins (A) and (B) plotted with the proper lag time 

t. = _ , 6^57 0.0048 sec 

lag velocity of blast wave 1403 

The dynamic reactions are obtained from tables 7*6 and 7-7 (par. 7-233)- 
The design load as idealized from the computed loading shown by figure 7-19 

is defined by: 

B = 4(89) = 356 kips 

T^ = 0.0l6 sec 



Time (sec) 

Concentrated mass: 

= 0.81, 


b. Elastic Range Dynamic Design Factors. 
(Refer to table 6.1.) 


\ - 6 V L > 


*14 = 0 . 67 , 

132E1 


Kim " °' 83 


k = 


V 2 = 0.33R + 0.33P 


V ] _ = 0.17B + 0.17P, 

Uniform mass: 

Kl = 0.81 , Kjj = 0.45, - 0.83 

c - Mass Computation. 

Slab and roofing * 6.oj = 20.7 kips 

Purlins 

1000 

Girder (estimate) 


Connections (allow 10$) = 0.l(3.2 + 1.5) 


= 1.5 kips 

= 3-2 kips 

= 0.47 kips 
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Total concentrated mass m = / 

= 0.475 kip-sec 2 /ft 

Total uniform mass m = 7?-^- = 0.115 kip-sec 2 /ft 

d. First Trial - Actual Properties. 

Assume D.L.F. = 1.4 (experience) 

R m = D. L.F. (B) = 1.4(356) = 500 kips (par. 6-ll) 

Mp = 1.05Sf dy = - — = 3-64S kip-ft (S in in. 3 ) (eq 4.2a) 

6m p 6(3 . 64s) _ . „ . 3 


= ^-3 
32.2 


R = 
m 


= 500, .*. S = 458 in. 3 


Try 36 W 150, 

S = 503 in. 3 , Z = 581 in. 3 , 0-5(S + Z) = 542 in. 3 , I = 9012 in.^ 

Mp = f,, r 0.5(S + Z) = — - ffi 4 -- = 1880 kip-ft (eq 4.2) 


132EI 


20 3 (l44) 


= 30,800 kips/ft 


e. First Trial - Equivalent Properties. 

Concentrated m g = K^(m c ) = 0.67(0.475) = O.318 kip-sec /ft 
Uniform m g = K^(m u ) = 0.45(0.115) = 0.052 kip-sec 2 /ft 
Total m e = O.318 + 0.052 = 0.37 kip-sec 2 / ft 
k e = Kpk = 0.81(30,800) = 25,000 kips/ft 

T n = 2n-^m e /k e = 6.28-^0.37/25,000 = 0.024l sec 
T r /T n = 0.016/0. 0241 = 0.665 
D.L.F. = 1.45 (fig. 5-21) 

Required R m = D.L.F. (B) = 1.45(356) = 516 kips 

Required Mp = F^L/6 = 5l6(20)/6 = 1720 kip-ft 

0. 5Mp for column = 0.5(318) = 159 kip-ft (pars. 7-12 and 7-21g) 

Moment in girder at interior support due to static loads 

M = 3-7(20 )/8 + 15.3(0.33)(0.67)(6.67 + 20)0.25 + 

15-3(0. 33)(0.67)(13.3 + 20)0.25 = 9.25 + 22.7 + 28.3 = 60 kip-ft 
Girder resistance available for vertical blast loads 
M = 1880 - 60 - 159 = 1660 kip-ft < 1720 kip-ft 
Consider larger sizes 
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f • Second Trial - Actual Properties. Try 36 W 160 
S = in. 3 , Z = 622 in. 3 , 0.5(S + Z) = 581 in. 3 , I .= 9739 in. 1 * 

Mp = f ^ 0.5(S + Z) = 41.6(581) = 2020 kip-ft 

k - - ^ t30)l O 3( ? 739) . 3 3(300 

L 3 20 3 (l44) 

S* Second Trial - Equivalent Properties . The change in the mass is 


= 33# 300 kips/ft 


neglected. 


k g = Kjk = 0.81(33,300) = 27,000 kips/ft 

T^ = 2jt^m e /k e = 6.28^0.37/27,000 = 0.0232 sec 

T r /T n = 0.016/0.0232 =0.69 
D.L.F. = I.38 (fig. 5.21) 

Required R m = D.L.F. (B) = 1.38(356) = 491 kips 

Required M = R m L/6 .= 491(20 )/6 = 1640 kip-ft 
Girder resistance available for vertical blast loads 


■5(Mp) 


column 


t m /T r = 1.19 (fig. 5-21) 


= 2020 - 60 - 159 = 1800 kip-ft; OK 


t = 0.016(1.19) = 0.019 sec; OK 
h. Preliminary Design for Shear Stress. 

At t m = 0.019 sec, t = 0.019 + 0.0048 = 0.0238 sec 
p = 4(89) = 356 kips (fig. 7.19) 

V = 0.33R m + 0.33P = 0.33(491 +356) = 280 kips 


280, 000 

0.653(36.0] 


= 11^700 psi 


Allowable v = 21, 000 psi (par. U-Opc ) 
i. Determination of Maximum Deflec- 
tion and Dynamic Reactions by Numerical 
Integration. 

- 5* 0 “P 3 

k t= 33,300 kips/ft 

y e -T - 33^00 = 0 - 0162 ft 


k = 33,300 kips / ft 
y e = 0.0162 ft 


Deflection, y (ft) 

Figure 7.20. Resistance function for 
36 W 160 girder spanning 20 ft, 
fixed at one end and pinned 
at the other 
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7-25J 


Table 7.9. Determination of Maximum Deflection and Dynamic Reactions for Roof Girder 





P n 

(kips) 

R 

n 

(kips ) 

P - R 
n n 

(kips ) 

y„(At ) 2 

(ft) 

y n 

(ft) 

V 2n 

(kips) 

0 

0 

0 

O.65 

0.000006 

0 

0 


4.0 

0.2 

3-8 

0.000033 

0.000006 

1.4 


11.2 

1.5 

9-7 

0.000085 

0.000045 

4.2 

jO .006 

30.0 

5.6 

24.4 

0.000214 

0.000169 

11.7 

0.008 

56.0 

17*0 

39-0 

0.000341 

0.000507 

24.0 

0.010 

110.0 

39-0 

71.0. 

0.000621 

0.001186 

49.0 

0.012 

160.0 

83.O 

77-0 

0.000674 

0.002486 

80.0 

o.oi4 

208.0 

149.0 

59-0 

0.000516 

0.004460 

118.0 

0.016 

266.0 

231.0 

35.0 

0.000306 

0.006950 

164.0 

0.018 

312.0 

325.0 

-13.0 

-O.OOOH4 

0.009746 

210.0 

0,020 

337.0 

4i4.o 

-77.0 

-0.000674 

0.012428 

248.0 

0.022 

351.0 

481.0 

-130.0 

-0.001137 

0.014436 

275.0 

0.024 

0.026 

356.0 

356.0 

510.0 

494.0 

-154.0 

-0.001347 

0.015307 

0.014831 

286.0 

281.0 


Hie basic equation for the numerical integration in table 7.9 is 
y n + 1 = y n (At)2 + 2y n “ y n - 1 (tal)le 5 ‘ 3 ) 




vhere 


<p„ - sj(Atr 


y n (At f = ' _n 




C p n - B^KO.002) 2 
(0.55 )(0. 115) + (0.83X0.475) 


„-6 


= 8.75 x io‘ D (P n - R n ) ft 

The time interval At = 0.002 sec is approximately equal to T /l0 = 0.00232 


sec (par. 5-08). The dynamic reaction equations are listed in paragraph 
7-25b. 


The values for the second column in table 7*9 are obtained from 
figure 7.I9 multiplying by 4 to obtain the total concentrated load applied 
to the girder by the two purlins, 
j . Shear Stress Check. 

V = 286 kips (table 7.9) 


V 286,000 ^ 

V <Tt w = 36.0(0.653) “ 12 ’ 150 PS1 

Allowable v = 21,000 psi; OK (par. 4-05c ) 
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k. Check Proportions of 36 XFI60 for Local Buckling. 

b/t f = 12.0/1.02 = 11.8 < 14; OK 

& /\ = 33-96/0.653 = 52 > 30 ; NG, longitudinal stiffeners required 
(see par. 4-06d) 

t g = 3/4 > 0.653; OK 

\A S = 6 > \ = 6t s = 6 OA) - ^*5 in. 

Use longitudinal stiffeners, 2 plates 
3/4 in. by 4-l/2 in. by full length. 

c/t^ - 10.73/0.653 = 16.5 < 22; OK 

e/t^ = 22.54/0.653 = 34.5 < 40; OK 

Weight of added plate stiffeners 
equals 23 lb/ft. 

7-26 FINAL DESIGN OF COLUMN. The column design was begun in paragraph 
7-24. The final steps in the column design are illustrated by this para- 
graph. The steps which follow are preliminary to the numerical analysis to 
determine the lateral deflection of the top of the columns. In the pre- 
liminary design (par. 7-24) some of the factors which affect the response 
are neglected to simplify the computations. In this paragraph these fac- 
tors are considered: the variation of plastic hinge moment with direct 
stress, the variation of column resistance with lateral deflection, the ef- 
fect of girder flexibility on the stiffness of the columns, and the differ- 

* 

ence between the load on the wall slab and the dynamic reactions from the 
wall which are used as the lateral design load for the frame columns . 

a. Mass Computation. (Refer to par. 7~24b.) 

Walls = 86.5 kips, roof slab = 4l.4 kips, purlins =5-3 kips 

Girder - W — 


Columns = 


77(3)14.5 


3.35 kips 


1000 

Connections =1.2 kips 

Mass of single-degree-of -freedom system = total roof + l/3 (columns 
and walls) 

„ 41.4 + 5.3 + 6.5 + 0.33 (86.5 + 3*35 ) = §34 = 2 g kip _sec 2 /ft 

m = 3272 32.2 
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t>- Column Properties. 

10 ^77 

I = 457.2 ul . , S = 86.1 in. 3 , z = 97.6 in. 3 , o.5(s + Z) = 91.8 in . 3 
A = 22.67 in. , b = IO.195 in., t f = 0.868 in. 
a = 8.89 in., t w = 0.535 in., d = 10.62 in. 

C ‘ Interaction Design Data. The plastic hinge moment, plastic 

axial load, and the values of M ± and T ± are computed belov from the column 
properties* 

Mp - t iy (S + z)0. 5 =%S ( 9 1.8, , 33fl Mp . ft (eqt 4-a , 

P P = f dy A r . = ij ' 1 *6(22.67) = 9^5 kips (eq 4.7) 


I 


P, = 4 ^ 


2(0.535)(0.868) 




|at f + — 2 V /] (eq 4.12) 

P l = T5752 [ 2 ( 10 -195)(0.868 ) 2 + 0^35(10. 62 )‘ 

P l = 3*91 [15-4 + 30.2 - 0.80] = 175 kips 

M 1 = “ 3 d [ 4 t v(l “ t f) + bt f ( 3 d 2 - 6 dt f + 4 t f 2 )J (eq 4 . 11 ) 

= Tl 2)3(Io-62) {M 0 . 535 )(i%^ - 0.868) 3 + 

10.195(0.868) [3(10. 62 ) 2 - 6(10.62)0.868 + 4(0.868 ) 2 ]) 

M l = "liP 1 187 + 8 ‘ 85 [339 - 55-5 + 3-0] } = (2727) = 296 kip-ft 


For P D > p 


For P D < p 


945 - P 

^1 ~ 945 - 175 (296) = 364 - 0.384P d (eq. 4.13) 


Md =Mp - ^ (Mp - Mq) ( e q 4 .l 4 ) 

(318 - 296 )P 

= 318 — = 318 - 0.125 P D 

d * ggfect of Girder Flexibility. The relative flexibility of the 
girders reduces the spring constant k in the elastic range from the value 
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obtained in paragraph 7-24 for infinitely stiff girders (par. 7-08). To 
obtain this revised value of k a simple sidesvay analysis of the fr ame is 
made. From the sidesvay analysis the magnitude of the lateral force re- 
quired to cause a unit displacement is determined. 

In figure 7* 22 the initial slope, vhich is the proper spring constant 
until formation of the first hinge, is assumed to hold up to the plastic 
resistance R m . The true resistance curve is represented approximately by 

the dashed line up to R . 

m 

For infinitely rigid girders k = 835 kips/ft (par. 7-24g). 

The elastic sidesvay anal- +365 klps 


ysis in figure 7*21 is started 
■with -1000 kip-ft at top and 
bottom of each column. This 
is equivalent to a lateral 
displacement of the frame, 

X = (F.E.M. )h 2 /6EI 


H0.486hH0.486 


10.055 j 
[-946 


r, £ 
£*486.9 


[0.055] 

[-946 



6 ( 30 ) 10 ^( 457 . 2 ) 
0.448 ft 


Figure 7.21. Sidesway frame analysis by 
moment distribution 


Idealized Frame 
/Resistance 

Rm* 0.414 (Mq)„ 


r 

-J k i [^Maximum 
' - Elastic 

' Deflection 


Approximate Variation Of 
Frame Resistance 

k, * 815 kips/ft 
y. * VTT M 


Deflection, y (ft ) 

Figure 7.22. Resistance diagram for 
10 IP 77 columns 


In the elastic sidesvay analysis 
the conventional procedure of using 
centerline dimensions is adopted al- 
though in all other computations the 
clear height of the column is used. 

p _ EM _ 2(946 + 973) +(999 + 

K ~ "h 16 

=365 kips 

* - 1 * o?OT - 815 “Wtt 


e. loading- Both horizontal and vertical loads are considered. The 
lateral load for the numerical integration F n (fig. 7-23) is obtained from 
the V dynamic reaction column of the numerical integration analysis of 
the front vail slabs in paragraph 7-21g (table 7-2). The dynamic reaction 
values for a one-foot vidth are multiplied by the vidth of one bay. After 
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the dynamic reaction of the front vail slab has decreased to the level of 

the applied load (at t = 0.055 sec) the F n values are determined from the 

net lateral load curve (fig.. 7*ll) where F n = [l44( 18)9.06]/ 1000 *net 

= 2^.48 P kips (P , is in psi). These data are plotted in figure 7*23 
J net net 

to give the frame lateral design load for use in table 7-10. 

effective height of the loaded area is obtained from one-half the 
vail clear height plus the thickness of the roof slab, 

h = ^ + MS , 9 .p6 n 


f. Computation of Deflection of Frame by Numerical Integration. 
(Refer to table 7.10.) The total vertical load in the second column is 
obtained by multiplying the average roof overpressure (fig. 7*12) "by 
[43 . 5 ( 18 )l44] /l000 =112.8 and adding the dead weight of the roof system, 
r php (Pp) values are the average axial column loads and are obtained by 
dividing the total vertical load by the number of columns. The (Pjj) n 
column is used in the plastic range to obtain the value of (Mj)) n " rom 
interaction design equations (par. 7-26c). The value of (M^ is used to 
obtain the maximum resistance at any time by the relation (R m ) n 
= [2n(M D ) n ]/h c = [£(3)(M D )J/l4.5 = 0.414^)^ 

R is equal to kx n = 8l5x n in the elastic range. In the plastic 
range R* is the limiting value of R . The expression (P^)/^ indicates 
the decrease in resistance corresponding to the increase in moment result- 
ing from the eccentric loading. The basic equation for the numerical inte 

gration In table 7*10 

+ i - * n (At) 2 + £** - X n - 1 ^ tabl£ 5 ‘ 3) 


•where 


X n (At) = 


x n (At) = 


k - E n + T ^ (At) ‘ 


m 


r p 

(0.02 f (x n> 

11 c 

■ ~ 275 ~~ 


— =1.54 x 10' 


rb 


f ^- E n + r < x n>] 


To Chech the slenderness criteria (par. U-08) the folloving equation Is 
evaluated for each time interval. 
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Table 7. 10. Determination of Column Adequacy 


7-26f 




" K'ld " 

+ !s 

K"L 

Np 

100bt f 

P P 

_!5r_ 


< 1 (eq. 4.10) 

K' = 0.l4, K" = 0.50, L =h = 14.5 ft = 174 in. (tables 4.1 and 4.2) 


“d 

0.14(174)10.62 

P D 1 

"o.5(174)1 

Mp 

100(10. 195 )(0. 868 j_ 

P 1 

1 u 

_15(2.60)J 


<1 


“d p d 

0.292 + 2.231 p- ^ 1 

Mp P P 


The time interval At used in table 7.10 is based on the natural period 

T n = 2 jt^A = 6.28^2.6/815 = 0.353. 

T 

t = 0.02 < ~ = 0.035 (par. 5-08) 


Ctp K 12 ( 1 02 ) 

The allowable maximum displacement = — 5— = — = 1 *- 5 ft ^ parS ‘ 
and 7-24c). The computations in table 7*10 show that the slenderness cri- 
terion is satisfied because the combined ratio is only very slightly above 
1.0 (0.3$). The computed maxi mum displacement = 1.56 ft, thus 




= (12) = 12.5; 

10 
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7-27 FOUND ATION DESIGN, a. General. The foundation of this building is 
desi gne d by both of the methods described in paragraph 6-31 primarily to . 
illustrate the procedures. 



Figure 7.24. Preliminary foundation plan for one bay 


The first design is according 
to the Quasi-Static Foundation 
Design Procedure in paragraph 
6 - 31 c, and the second is ac- 
cording to the Dynamic Founda- 
tion Design Procedure in para- 
graph 6-31d. A preliminary 
plan of one bay of the founda- 
tion is presented by figure 
7-24. 

b. Loads. The first 

requirement of the quasi- static analysis is a tabulation of all the lateral 

and vertical loads on the foundation. Because each numerical integration 

performed previously is based 

on a separate value of At, it 
is necessary to plot curves of 
the variation of each of the 
forces with time. The loca- 
tions of the forces on the 

foundation are shoun by the sketch on the left. The vertical loads in- 
clude the column and footing blast loads and the dead load of the entire 

strueture^^ ^ ^ ^ CBrve shoving the time variation of the total column 

(blast plus static) load P E - 3(P D ) n obtained from data in table 1-W 
Figure 7.26 is a curve of the time variation of the blast oa on 
jecting front footing. The front vail footing is estimated at ft 6 in 
for the preliminary analysis so t that ^-projecting 

= 0.79 vertical blast load on n th 

iug the projecting area by the front face overpressure (fig. 7-9) 

obtaining _ 

0. 79(18 )P front ( 144/1000 ) = 2.05P front 
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Figure 7.27 is the total vertical load curve obtained by adding the 
or dina tes of figures 7.25 and 7.2 6 . The blast load on the rear footing is 
neglected herein. 



Figure 7.25. Total column load vs time 
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The lateral loads include the shear in the columns and the front and 


rear -wall slab reactions at the wall footings. The rear wall slab reactions 
are obtained in table 7*11 hy a numerical integration using the rear wall 
overpressure data in figure 7*10 and the following data from paragraph 7-21g. 


P = 2.52 R . 
n back 

y e = 0.0344 ft 

y = 0.090 ft 

k 1 = 793 kips/ft 

k ep = 329 kips/ft 

R = 45.6 kips 
m 

At = 0.005 sec 


y n (At) 2 = 4.29(l0" 4 )(P n - R n ) ft, 
y n (At ) 2 = 4.29(lO“ 4 )(P n - R n ) ft, 
y n (At ) 2 = 5-07(l0" 4 )(P n - R n ) ft, 
y n (At ) 2 = 5.07(l0 A )(P n - R n ) ft. 


elastic range 
elasto -plastic range 
elasto-plastic range 
plastic range 


Table 7.11. Determination of Dynamic Reactions for Back Wall Slab 


t 

(sec ) 

p 

n 

(kips) 

R 

n 

(kips ) 

P - R 
n n 

(kips) 

y(At) 2 

y n 

(ft) 

V ln 
(kips ) 

V 2n 
(kips ) 

0.030 

0.035 

o.o4o 

0.045 

0.050 

0.055 

0.060 

0.065 

0.070 

0.075 

0.080 
0.085 
0. 090 
0.095 
0.100 

0.216 

1.210 

2.520 

3.654 

4.788 

6.048 

7.207 

8.392 

9.576 

10.786 

12.096 

13.306 

l4.44o 

15.624 

15.498 

0 

0.073 

0.534 

1.671 

3.482 

5-737 

8.098 

10.156 

11.613 

12.378 

12.601 

12.652 

12.925 

13.714 

15.153 

0.216 

1.137 

I.986 

1.983 

1.306 

0.311 

-O.89I 

-1.764 

-2.037 

-1.592 

-0.505 

+0.654 

+1.515 

+1.910 

+0.345 

0.000093 
0.000488 
0.000852 
0.000851 
0. 000560 
0.000133 
-0.000382 
-0.000757 
-0.000874 

-O.OOO683 

-0.000217 

+0.000281 

+0.000650 

+0.000819 

+0.000148 

0 

0.000093 

0.000674 

0.002107 

0.004391 

0.007235 

0.010212 

0.012807 

0.014645 

0.015609 

O.OI589O 

0.015954 

0.016299 

0.017294 

0.019108 

0.0 

0.2 

0.4 

0.9 

1.5 
2.2 
3-0 
3-6 
4.2 

4.5 

4.7 
4.9 
5-1 
5.4 

5.8 

0.0 

0.3 

0.7 

1.4 

2.4 
3-6 

4.9 

6.0 
6.8 

7.4 
7-7 

8.0 
8.3 

8.9 
9-5 
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Figure 7*28 is a plot of l8(Vg n - V^) where Vg n and. Vg^ are, respectively, 
the front and rear wall slab footing reactions from tables 7-2 and 7. 11. 
After t = 0.07 sec, the curve is obtained from the net lateral load curve 
(fig. 7.11): 

1000(2) ^ ^net = 22,6 ^net kips ^net is ln P si ) 
where 17. 5 is the wall clear height. 

The time variation of the column shear is plotted in figure 7.29 
using data from table 7. 10. 
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Figure 7.28. Wall reactions at foundation vs time 
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Figure 7.30. Total lateral load on foundation vs time 

Although not needed until a later step^ the time variation of the 
column base moments is plotted in figure 7*31 using data obtained from 
table 7 • 10. From t = 0 to t = 0.08 sec the columns are elastic so that 
the moment from one column on the foundation is 

M = i | (K ) = 2.42R 

3 2 ' n n 

From t =0.08 to 0.20 sec, the columns sire plastic, hence (M^) n applies. 
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Figure 7.31 . Column base moments vs time 


I 


c. Preliminary Sizes of Members. The preliminary column footing 
sizes are determined on the basis of the maximum column vertical load 
(fig. 7 - 25 ) and the dynamic design bearing capacity, 30 ksf 


Required area = 


( P D^max 


30 


1000 

3(307 


= 11.1 sq ft 
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Try column footings, 3 ft 6 in. square, area = 12.2 5 sq ft. 

The size of the wall footing is determined by using the ma xim um value 

of blast load on the footing projection and adding to it the dead load of 
vail and overburden. 




Dead load of exterior wall and footing: (assume wall height = 18.0, 
footing width and depth = 2.5 ft, neglect overburden) 

Wall = (2 )( 150 / 1000 )(ll/i 2 )l 8 ( 18.0) = 89.0 kips 
Footing = (2)(1 5 0/1000)(2.5)2.5(18.0) = 33-8 kips 
Total wall dead load = 89 . 0 + 33.8 = 122.8 kips 
Maximum value of blast load = 5 I+ kips (fig. 7 . 26 ) 


Theoretical width = 


Width = -1 122 ; 8 + 54) 
2(18)30 


— total exterior vail load 

length (allovable bearing capacity) 

■ = 0 . l6k ft 


This value is too small for practical purposes, hence an arbitrary 
width of 2 ft 6 in. will be used for subsequent analyses. 

d * ^ ellmlnary Depth o f Foundation. The time variation of the un- 
balanced load is obtained in table 7-12 by subtracting the available 

Table 7.12. Determination of Unbalanced Lateral Load 






CD 


<5> 


© 


© 


Time 

(sec) 


Lateral Load 
(kips) 


Vertical Load| 
(kips) 


Total Vertical 
Load 

(kips) 


Friction 

(kips) 


Unbalanced Lateral 
Load 

(kips) 


fig. 7.30 


fig- 7.27 


Q )+ 163.6 


0.5 © 


CD - © 


0 

0.005 

0.010 

0.015 

0.020 

0.030 

o.ol+o 

0.050 

0.060 


218 

21+3 

288 

1+20 

1+H+ 

1+03 

397 

397 

355 


105 

270 

14o 

600 

730 

905 

1020 

971 

930 


268 

1+33 

603 

763 

893 

1068 

1183 

1131 + 

1093 


131+ 

217 

302 

382 

147 

531+ 

592 

567 

51+7 


81+ 

26 

None 
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frictional force from the total lateral load. The lateral load causing 
sliding is obtained from figure 7*30- The frictional resistance to sliding 
is obtained by multiplying the total vertical load by the coefficient of 
friction, jj. = 0.50 (par. 7-18). The total vertical load at any time is ob- 
tained by adding the dead load of the total structure to the vertical loads 
in figure 7 . 27 . 

Columns = 3.35 kips (par. 7-23) 

Column strap footings = 2.5(2.5)40(0.15) = 37.5 kips 

Total dead load = 122.8 + 3-35 + 37-5 = 163.6 kips 
The unbalanced lateral load is then the total lateral load minus the fric- 
tional resistance to sliding. The maximum value of this unbalance is 
84 kips. 

The procedure recommended in paragraph 6-31c requires that the depth 
of footing be that necessary to develop sufficient passive pressure resist- 
ance to equal twice the unbalanced lateral load at any time. The effect of 
the blast pressures acting on the surface of the ground at the back of the 
building should be included in determining the passive pressure resistance. 
In this example the back vail loading does not begin until 0.030 sec (table 
7 - 11 ) and there is no imbalanced lateral load after t = 0.005 sec (table 
7.12). 

The required depth of footing is determined by: 

•yP 2 

F P = I S$ 2 ( e( l 4 -58) 

where 


Fp = normal component of total passive resistance 
= 2 (maximum unbalance) = 2(84) = l 68 kips 
The resistance to lateral motion is provided by the lesser of: (l) 
combined passive pressure resistances of front and back footings or ( 2 ) 
frictional resistance of earth between footings plus passive pressure re- 
sistance of back footing. 

Considering case (l) firsts , — [ s 

the length of back wall capable of 
resisting passive pressure is 18 ft. 

The effective height of soil is Hg • 


1 


I ' - 6" 


Front Wall 




Back Wall 
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The length of front wall capable of resisting passive pressure is 
(18 - 2.5) = 15.5 ft. The effective height of soil is (Hg) - (1.5 ft) + 

(increase for height of concrete floor) = EL - 1.5 + ~ 100 ) 

a ' 100 

= Hg - 1.25 ft. 

•^p = front wall resistance + back wall resistance 


(0.5) 


P- 


15- 


5K P0 


7(Hg - 1.25 Y 


18K P0 


7(H b ) £ 


168 = 15.5(10)0.100 


(Hg - 1. 25 ) £ 


+ 18 ( 10 ) 


0 . 10 ' 


0<V 


Hg = 3-68 ft (compare available Hg = 4.31) 

On this basis, the back footing is capable of providing a passive re- 


sistance equal to 


18(10)0. 100(3.68 ) 2 
"P0 2 2 


121 kips 

The potential frictional resistance of soil between footings equal s 

nW = +1(7)15. 5(Hg - 1.25)41.7 « 0.50(0.100)15.5(2.43)41.7 = 78 kips 
78 + 121 = 199 > 168, case (2) is OK. 

e. Overt urning Moment. The sketch below indicates the position of 

loads considered in the 
overturning computations. 

In table 7*13* the 
time variation of the over- 
turning moment on the struc- 
ture is determined. The 
wall reaction overturning 
moment is obtained by multiplying the net wall reaction from figure 7.28 
by 2.50 ft. 

The wall support moments M _ . are obtained from data in tables 7.2 

wall 

and 7.11. In the elastic range = (R n L)/8, for one bay M 

= [(l8)/8j(l7*5 )R n = 39.3R n - In the elasto-plastic and plastic ranges 
M 



= 18(59*5) = 1070 kip-ft. The column base moments are obtained by 
multiplying the column moments (fig. 7*31) "by the number of columns in one 


wall 
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Table 7.13 . Determination of Overturning Moment 


0 

© 

© 

© 

© 

MM 

© 

© 

© 

© 

@ 



Wall 

Front 









Net Column 

Reaction 

Wall 

Back Wall 

Column 


Blast Load 

Blast load 

Net Footing 

Net 


and Wall 

Overturning 

Support 

Support 

Base 


on Front Foot- 

on Back Foot- 

Projection 

Overturning 

Time 

Reaction 

Moment 

Moment 

Moment 

Moments 

0 

ing Projection 

ing Projection 

Moments 

Moment 

(sec) 

(kips) 

(ft-kips ) 

(ft-kips ) 

(ft-kips ) 

(ft-kips ) 

(ft-kips ) 

(kips ) 

(kips) 

(ft-kips) 

(ft-kips) 

Ref 

fig. 7.30 

© 2.50 

table 7.2 

table 7-11 

fig. 7.31 

ED-®] 

fig. 7.26 

fig. 7.32 

22-1 [© +©] 

[© - ©] 

0 

218 

545 

0 

0 

0 

545 

5 & 

0 

1175 

-630 

0.005 

240 

600 

425 

0 

4 

1029 

48 

0 

1085 

-56 

0.010 

285 

712 

1070 

0 

15 

1797 

43 

0 

971 

826 

0.015 

420 

1050 

1070 

0 

30 

2150 

39 

0 

883 

1267 

0.020 

415 

1038 

1070 

0 

60 

2168 

34 

0 

770 

1398 

0.025 

4 l 0 

1025 

1070 

0 

120 

2215 

30 

0 

680 

1535 

0.030 

400 

1000 

1070 

0 

187 

2257 

26 

0 

589 

1668 

0.035 

4oo 

1000 

1070 

2.6 

300 

2373 

24 

1.0 

520 

1853 

0.040 

395 

988 

1070 

21.0 

480 

2559 

23 

2.1 

472 

2087 

0.045 

395 

988 

1070 

65.O 

585 

2708 

22 

2.9 

431 

2277 

0.050 

395 

988 

1070 

136.0 

651 

2845 

21 

3-9 

386 

2459 

0.055 

380 

950 

944 

225.0 

705 

2824 

21 

4.9 

362 

2462 

0.060 

355 

888 

583 

317-0 

741 

.2529 



362 

2167 


bay- The footing projection righting moment is obtained by multiplying the 
blast load on front footing projection from figure 7*26 by 22.1 ft. The 
back footing overturning moment is obtained by multiplying the blast load 
on back footing projection from figure 7-32 by 22.1. The vertical blast 
load on the rear footing (fig. 7*32) is obtained by multiplying the pro- 
jecting footing area by the rear face overpressure (fig. 7*10) obtaining 

0.79(l8) p back 10OO = 2 ‘ 05 *back 

The overturning moment due to the passive pressure is neglected 
conservatively . 

f . Combined Axial Load and Overturning Moment. From the equation 
for combined stresses it is possible to -write 

P , Me 

Ultimate bearing capacity = j + — 

From -which by substitution is obtained 

00 _ l 1 M(22. 5^-) 

30 " 197.5 55,290 

P = 5929 - 0.0806M 

where 

Ultimate bearing capacity = 30 kips/ft (par. 7-l8) 

P = total vertical load on one bay of foundation 
A = total area of one bay of foundation = 197*5 ft 
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M = total overturning moment on foundation 
c = distance to extreme point on foundation from center 
I = moment of inertia of foundation = 55,290 ft^ 

Introducing the P and M data from table 7-13 into the equation 
for P (above) shows that the soil pressures and the preliminary sizes of 
the foundation elements are satisfactory. 

S* Design of Foundation Members, In a complete design study it would 
be necessary to determine stresses at, various times in order to determine 
the critical condition. Ib illustrate the. procedure it is sufficient to 
compute stresses at only one time. 

The column strap footing is designed for the stress conditions at 
t = 0.055 sec. One bay of the foundation 18 ft wide centered on a column 
strap footing is considered (fig. 7.33). 


I = iii3_ _ 5 63 ksf 

A 197.5 * sl 


(tables 7*12 and 7-13) 


55,290 


= 1.00 ksf 


2.5; ,1:79' 

i/i<i 16.5 


5.63-1,00 
*4.63 ksf 


1.79: ,2.5 

16.5' mn 


kdL® 


5.63 + 1.00 
* 6.63ksf 



a. Soil Pressure Diagram 


b. Vertical Forces 


Figure 7.33 . Vertical forces and soil pressure on foundation 

The soil pressure variation is shown in figure 7* 33a- The soil pressure 
multiplied by the footing width gives the soil load per foot (fig. 7- 33h ). 
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In. figures 7*33 and 7*3^ all the forces and moments acting on the 
foundation at time t = 0.055 sec are shown. They are as follows: 

Front -wall = rear wall = 122.8/2 = 6l.4 kips (par. 7-27c) 

Column strap footing = 37-5/40 = 0.94 kip-ft (par. 7-27d) 

Front footing blast load = 21.0 kips (table 7*13) 

Rear footing blast load =4.9 kips (fig. 7*32) 

Column load- (3-35 + 936 )/3 = 313 kips (table 7-10)(fig. 7.12) 

Moment at base of front wall = 944 kip-ft (table 7*13) 

Moment at base of rear wall = 225 kip-ft (table 7*13) 

Shear at base of front wall = l8V 2n = 18(22.9) = 413 kips (table 7.2) 
Friction at base of footing = 557 kips (table 7-12) 

The moments at the base of 
the front and rear walls are as- 
sumed to be transmitted to the 
column strap footing. This is a 
conservative procedure for the 
strap footing since the fixity 
at the base of the wall must be 
provided continuously along the 
wall. 

The friction force is as- 
sumed to be distributed along 
the base proportionally to the 
total vertical soil load. For 
example between points A and B 

W = ±&3Z (g .;) 

= 210.8 kips 




b. Moment (kip-ft /ft) about Centerline of 
Footing Due to Soil Friction 

Figure 7.34 . Applied moments and shears 


% 


PI p 

Friction = (557) = 105.4 kips (table 7-12) 

The critical sections are considered below. 

Shear Point E 

£ loads down - £ loads up (fig. 7- 33b) 

r = 4.9 + 6 i .4 + 313 + 18.29(0.94) - (jj £i 2 4 . + 117.36 ^ 2.5 


^ 22. 


82 + 22.54 


) 1 49 + ( 


16.10 + 14.28 


)l6-! 


90 


n 


T-27g 


EM 1110-345-417 
15 Jan 58 


= 396.5 - 587.1 = -190.6 kips 
V = -190.6(1.5) = -286 kips 


Shear Point G 


= (4. 9+ 6i4) - ( 117.36 , + 119 . , , 34 ^ g>g 


yX = 66.3 - 295.9 = -229.6 kips 

V = 1.5( -229.6) = -344 kips 
Moment Point C (figs. 7*33 and 7*34) 


JL = 944 + 413(1.25) + 235 + 32(1.25) + 52.7(2.5) + 

1-5 

( 8 3-34 +„85. . 32 j (2^5 j _2i(2.i4) - 61.4(1.28) 


— = 2007 
1*5 

M = 3010 kip-ft 

Moment Point E (figs. 7*33 and 7*34) 


= -225 - 65(1.25) + 235 + 32(1.25) + 73-9(2.5) + 

X* 2 

14.17(1.79) + 9.49(16.5) +4.9(20.39) +61.4(19.53) + 

313(18.25) + 0.94(18. 29)(9.i 4) - ( 117 ‘ 3 - - - y ) (2. 5) (19* 54)- 

/ 22.82 + 22.Jjj^ (1 . 79 )( 17 . 39 ) . ± (16.5K8.25) 

175 * 1051 

M = 1577 kip-ft 

The footing strap is checked to determine if the sizes originally as- 
sumed can he reinforced sufficiently. The sections are checked for tending 
moment capacity by equation 4.l6 with the values of f^ y and f£ c replaced by 
f «nr I f ' } respectively, because the loads are considered to be applied 

y c 

statically. 

Section at Point E - b = 2.5 ft, assume d = 30 in. 


Mp " pbdf y d ~ 1.7^) 

For p = 0.02 

Mp = 0.02(2.5)30(40)30 ] 


(eq 4.l6) 

0. 02(40 ] 
’ " I- 7(3.0) 


= 1520 kip-ft 
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Mp = 1520 kip-ft « 1577 kip-ft; OK 
Shear at this location = 286 kips 

OtT 

Shear stress = v = (eq 4.23) 



For no web reinforcement, allowable v = 0.04f^ + 5000p (eq 4.24a) 

= 0.04(3000) + (5000)0.02 

= 120 + 100 = 220 psi 

Stirrups are supplied to provide (383 - 220 = 143 psi) additional re- 
quired shear strength. 

rf = 143 (eq 4.24) 

1 ' ’ °-°° 3 6 

A A 

r = bs = 30(12 ) = °* 0 °3 6 

A = 1.29 sq in. /ft 

Section at Point C - b =3-5 ft, assume d = 30 in. 

Kj, - pbdf y d (1 - 
For p = 0.03 

Mp = 0.03(3.5)30(40)30 |i - 

Mp = 2900 kip-ft « 3010 kip-ft; OK 


^ (eq 4.l6 ) 


Maxli m irn shear occurs at point G. This location has same cross sec- 
tion as point C. For reversal of load on structure maximum shear would oc- 
cur at point C (V = kips). 

Qtt 

Shear stress = v = 7^- (eq 4.23) 


, r _ 8(344)1000 0 , 0 

7(42030 " 312 psi 

If no shear reinforcement is used, the allowable v = 0.04f ' + 
5000p (eq 4.24b). 

v = 0.04(3000) + 5000(0.03) = 120 + 150 = 270 psi 

ft 

Shear reinforcement equal to (312 - 270 = 1+2 psi) is provided. 

r - loffeo ■ °- 000925 
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A = rbs = 0.000925(42)12 = 0.47 sq in. /ft 


Since the critical sections are capable of resisting moments and 
shears, the entire foundation footing strap could be reinforced in propor- 
tion to moments and shears. The vail footings need only nominal reinforce- 
ment since dimensions selected are much larger than necessary for calcu- 
lated soil pressure. 

h. Dynamic Foundation 

_ . . „ ... i-a^K 20-0" 

Design. The dynamic design * 

procedure (par. 6-31c) usually * . , 

1 " x 

results in a more economical * g'-o" l : 

design than the quasi-static J:.i ,,*• 

.* . « • 

procedure because the dynamic • j | ■ 

Typical Bay * }_| 2-6" U4 Li 

effects are computed rather is'-o" ,, . ' i j. , 

A . J I C D 

than conservatively estimated. | B I 

The results of the 9 "t * *'•; — 4 “ *• 

quasi-static design, vith j 4IH . I jp 

certain modifications illus- - 1 12^1 ► 

trated in figure 7-35, will be ~ 1 

45 '- 0 m 

used as a preliminary design ~ 1 

in the dynamic design proce- P . , , r D , , , , . 

bigure 7.35. Flan of foundation 

dure. In this design the 


Figure 7.35. Plan of foundation 


vail footings are piaced eccentrically to assist in resisting overturning 
most effectively. 

Using the principles presented in paragraph 6.31e for the sliding and 
overturning analysis, the horizontal acceleration x q and the angular ac- 
celeration about the longitudinal axis through the bottom of the footings 
are determined. The corresponding horizontal displacement x q and the angu- 
lar displacement 6 are determined as a function of time by means of a 
concurrent numerical integration of equations (6.94) and (6 . 95 ) - 

M - F y 

2 -0 o {eCl6 ' 9k) 

T o ~ 

F 

3 L = —■ - ay (eq. 6.95) 
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, '3.34' 

1 . 6.67' 

T * 1 . ' 

:r 

9.90' 

........ _j*«L ...... 

18.65' 

0.5' 

u. 

• - -7 ^ 

1 '! Jt 3 

n= xlJ 


I 20.32 
19.48' I 


Figure 7,36. Half cross section of building 


i. Polar Moment of v 

. U 21.29' ^ 

Inertia Ip. In table 7.14 r ~ ~~ 

the polar moment of inertia h r— 

I 6.67 

of the total structure is - zz 5 ; — — — - r 

ohtained about point "O." ,6,0 ‘ •‘■T ip -- - - 

The location of each ele- 20 32 . 

ment in the x and y di- : " r 18,65 19 . 48 ' 

rections is indicated in 11 42 L__* 9,90 0.5' 

j • 2.42* i 

figure 7*36* The total mo- ^n 1 4 sn zn zzz □r zfczi r~ 

I [•>;•' - T f ± , r 2.67' 

ment of inertia is the sum, — *-x t — * — p m-* — — x 

1.34' u 

for all elements, of the 

Y 

moments of inertia of each 

21.5' 

element about its own axis H 

and the moment of inertia _ _ „ __ 

Figure 7.36 . Half cross section of building 

of each element about the 

axis through point "0." The. inertial effect of the soil between the front 
and rear footings is conservatively neglected. From table 7.14 

- zny 72.21 o Qo ^ 
y = aS = “FTiH = 8 * 83 ft 

I = I + I = 1144 + 2304 = 3448 kip-sec 2 /ft 
o xx yy ' 

Ground Foundation Interaction. The rotation of the structure 

under the blast loads develops a resisting moment of the vertical soil 

pressures against the footings. The magnitude of this moment reaction 

which tends to resist the overturning of the structure is given by M = Be 

u 

where 

B = p - (L)^ (ea 4.59) 

4(1 - v 2 ) 

To apply this formula to a specific structure the ratio ww 

must be determined, where I . is the moment of inertia of the actual foot- 
7 net 

ing area and I is the moment of inertia of a solid rectangular area 

^ gross 

extending over the entire extent of the footings, both quantities being 
evaluated about the longitudinal axis of rotation (par. 4-15d). The net 
overturning resistance of the soil is given by the product of equation 
(4.59) and the ratio 
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I net (l/l 2 )bd 3 - 0712)^3 ^ b ^ 3 

Voss (l/l 2 )bd 3 bd 3 

where, from figure 7 * 35 , 
b = 18.0 ft 
d = 45.0 ft 

b 1 = 18.0 - 2.5 = 15.5 ft 
d x = 45.0 - 2 ( 2 . 0 ) = 4l.O ft 
L = d/2 = 45/2 = 22.5 ft 

- J g j- = 1 . _ 0 ^48 

Voss 18.0(45.0)3 3 

For an l 8 -ft typical bay 

V-oss = ^ ^ — ”"o (22.5 18 = 46.1(10 f 1 kip-f t/radian 

^ 4(1 - 0.333 ) 

B net = (®* 3 ^ 8 )Bgr oss = (0.348)46.1(10)^ = l 6 .l(lO)^ kip-f t/radian 

k. Dynamic Analysis, The dynamic rigid body sliding and overturning 
analysis is performed in table 7*15- A simultaneous numerical integration 
is performed to obtain the time history of the rigid body rotation 6 and. 
the rigid body translation x^. The acceleration impulse extrapolation 
method (eq. 5 *^ 9 ) is used for the dynamic analysis in the form 


+ 1 ■ 2 < e >n - Wn - 1 + <“o>n< at > 2 

( Vn + 1 - 2 < x o>n ' < x o4 - 1 + ( X o4 (At ) 2 


where 


(V 


(x ) = 

v o'n m 


o'n 


(a o ) n y ( e< l 8 .95) 


While the structure is sliding 


(“cl- 


(M ) - (F ) y 

v o'n x o'n J 

T “2 

I o - my 


(eq. 6.94) 


where 

( M 0 ) n = moment of all external forces about axis of rotation n 0" 
at time n . 

( p Q ) n = summation of all external horizontal forces applied to the 
structure at time n 
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Table 7.15. Simultaneous Sliding and Overturning Analysi 
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"While the structure is not sliding j 

(M ) 

(a o } n = “T^ (eqL 6.96) 

In table 7-15, is the summation of external moments about the 
point of rotation excluding horizontal footing projection moments. The 
blast loads on front and bach footing projections are obtained by multiply 
pressure values from figures 7-9 and 7. 10, respectively, by 
9/ 12 [i 44 p( 18 )/ 1000] = 1.95P. 

The lateral passive soil pressure force F is considered to vary 
linearly vith displacement from zero to a peak value at x = 0.04 k 
= 0.04(4.48) = 0.179 ft. b 

From paragraph 7-27 the maximum available force is F = l8l + 102 

' ktPS ' " h ' re MSSlve IreSOTe °» rear face gives [l8(lO)(o.l)(h.48)2]/!! 

_ 1 1 and faction between vail footings gives 0.5(0.1)15.5(4.48 - 1.25)41 
= 102. Thus at any displacement x , the passive force is F = (283/0.179)* 

= 1580X * 15113 13 the Value With no Pressure on the soil at the rear of the 

building. If there is blast pressure on the soil at the rear, the passive U 
force increases. The additional passive force can be determined from the " 
surcharge equivalent of the overpressure, thus AF p = K , (blast load) 4.48 S 
.[io(iW.) Pback ( l8 )i l . W ]/ 1 ooo . n6P baot . m 7.15 ?he 

ceases before the blast uave begins to load the soil at the rear of the 
building and the passive force is considered to rernin at a constant value. 

The effect of the pressure on the soil is then considered as an ac- 
tive soil pressure force e^ual to one-fourth the passive force, or 


1161 , 


- 29P bach 


“e centr ° 14 ° f Fp is at y pl = h.48/3 . 1.4 9 ft above the base of the foot- 
ing, and the centroid of the blast pressure induced force is at y . v 
- 4.1 i 6/2 - 2.2k ft above the base of the footing. a p2 

The vertical load is obtained by adding the dead load of the mils, 

foundation, and columns to the tabulated values of F and the blast loads 

on front and back footing projections. The partial dead load obtained fro. 
table 7.14 is: 
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Columns 

3.4 

Front vail 

43.5 

Back vail 

43.5 

Column strap 

41.7 

Front vail footing 

14.4 

Back vail footing 

l4.4 


I6O.9 kips 

In table 7*15 column l8, when + ± > x , i.e. structure is sliding, 
(M ) - (F ) Y 

(a ) = ° n o n _ column 11 - column 17 

° n I Q - w 2 3448 - 8. 18(8.83 f 

(a: o ) n = 0.0003559 (column 11 - column 17) 


When + ^ < x^, i.e. structure is not sliding. 


(a ) 

' o'n 


(M ) 
'on 


I 

o 


column 11 


= 0.00029 (column ll) 



> 


The results of the numerical analysis in table 7.15 are: 

(1) Maximum rigid-body translation (x ) = O.OOO778 ft, 

(2) Maximum rigid-body rotation (e) = 0.000258 radians, 

(3) Vertical upward motion at the front = 0.000258(45/2) = O.OO58 ft. 
These motions are negligible] the next step is to investigate soil 

pressures and member sizes. 

1. Design of Foundation Members. In a refined analysis it would be 
necessary to determine stresses at various times in order to determine the 
critical stress condition. However, to illustrate the procedure in this 
design, stresses are computed at only one time. 

The col umn strap footing is designed for the stress conditions at 
t = 0.060 sec. One bay of the foundation 18 ft wide centered on a column 
strap footing is considered. 

p 0Bc 

The soil pressure is computed from ^ + — j— 

where 

P = total vertical load 

A = total area of foundation = 2(2.0)(l8) + 2.5(41.0) = 174-5 sq ft 
0B = 4158 kip-ft overturning reaction (table 7*15) 
c = distance to extreme point on foundation = 45.0/2 = 22.5 ft 
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I = moment of inertia of foundation 

I = 136,000 - 89,200 = 46,800 ft* 


P _ 1096 
A I7475 


= 6.27 ksf 


6Bc _ 4158(22.5) 
I 46,8oo 


= 2.00 ksf 


table 7.15 


7-271 




Figure 7.37. Vertical forces and soil pressure on foundation 


The eoll pressure multiplied by the footing With gives the soil load 
per foot. In figures 7-37 and 7.38 all the forces and moments acting on 
the foundation at time t = 0.050 sec are shown. Ihey are as follows: 

Front vail = back vail = 4 3 .4 7 kips (table 7 .l4) 

Wall footing = 14.42 kips (table 7.l4) 

Column strap footing = 4l.66/4l.O = 1.02 kips/ft (table 7.14) 

Front footing blast load = 19 kips (table 7.15) 

Back footing blast load = 6.0 kips (table 7. 15 ) 
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a. Applied Moments and Lateral Shears 



Footinq Due to Soil Friction 

Figure 7.38. Applied moments and shears and moment due to friction 


Column load = ( 3 . 35 + 910)/3 = 304 kips (table 7*15) 

Moment at base of front wall =583 kip-ft (table 7.13) 

Moment at base of back wall = 317 kip-ft (table 7.13) 

Shear at base of front wall = lSV p ^ = 18 ( 18 . 9 ) = kips (table 7*2) 
Shear at base of back wall = l 8 V pr) = 18(4.9) = 88 kips (table 7*ll) 
Friction at base of footitig = 5^8 kips (table 7*15) 

Column shear = 102/3 = 3^ kips (fig. 7*29) 

Column base moments = 74l/3 = 247 kip-ft (table 7*13) 

The moments at the base of the front and back walls are assumed to be 
transmitted to the column strap footing. This is a conservative procedure 
for the strap footing since the fixity at the base of the wall must be pro- 
vided continuously along the wall. 

The friction force is assumed to be distributed along the base in 
proportion to the total vertical soil pressure. For example, between points 
A and B 

w = T 7-0 + 80.2 ( 2>0 ) _ 157#2 kips 
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Friction = (548) = 78.8 kips 

In figure 7. 38b the moment about the centerline of footing due to 
soil friction is equal to 2.67/2 (friction force per foot). Thus between 
A and B the moment equals 78.8/2 X 2.67/2 = 52.5 kip-ft/ft. The critical 
sections are considered below. 

Shear Point C 

V = Z loads down - Z loads up (fig. 7.37b) 

V = [6.0 + 14.4 + 43.5 + 304 + 20.5(1.02)] - 

[- 1 ' 0 ^ Il,? - 8 (2.0) + 2 °- a (20.5)] 

V - (388.8 - 661.8) = -273 kips 
Shear Point D 

V = [6.0 + 14.4 + 43.5] - -^•° * (2.0) 

=63.9 - 294.8 = -230.9 kips 

Moment Point B' 

— • 

M = 583 + 340(1.34) + 247 + 3M1.34) + 52.5(2.0) + 8. 9(0. 5) + • 

77-0 + 80.2 ( 2 .o)( 1 .5) + 11.1(0.5)0.25 - 19.0(2.12) - 14.4(1.5) - 
43.5(1.29) 

M = 1559*8 kip-ft 
Moment Point C 

M = 583 + 3^0(1.34) + 247 + 34(1.34) + 247 + 34(1.34) + 52.5(2.0) + 
8.9(20.5) + XL l + (2,0)21.5 + a - - 1 f V - 6 (20.5) (S|5) . 

19(22.12) - 14.4(21.5) - 43.5(21.29) - 304(20.0) - 
1.02(20.5) 

M = 1^5*8 kip-ft 

An approximate check is made to determine if the sizes assumed can 
he reinforced sufficiently# The bending moment capacity of the footing 
strap is based on equation (4#l6) with f^ and f^ replaced by f and f f ; 

respectively, because the soil pressure loads are considered as static 
loads. 
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Section at Point B* b = 2.5 ft, assume d = 30 in. 

Mp = pbd f y d ^1 - ( e< l 4.16) 

For p = 0.020 

Mp = 0.020(2.5)30(40)30 [l - 

Mp = 1518 kip-ft, 1518 « 1560 ft-kips; OK, section can be reinforced 
Shear is investigated at point D. The cross section is the same as 
at point B. If the initial blast load is from the opposite direction the 
m aximum shear occurs at point B(V = 231 kips) 

O-TT 

Shear stress = v = (eq 4.23) 


- W - psi 


If no web reinforcement is used the 
allowable v = 0.04f^ + 5000p (eq 4.24b) 

= 0.04(3000) + 5000(0.020) = 220 psi, 220 < 293 psi; 
needed to supply 293 - 220 = 73 psi 


stirrups are 


r = 


lofooo = °-°° 183 


A = rbs = 0.00183(30)12 = 0.659 sq in./ft 

Section at Point C b = 2.5 ft, assume d = 30 in. 

Mp = pbd f y d ^1 - (eq k - l6) 

For min imum steely p = 0.006 (par, 4.10a) 

Mp = 0.006(2.5)30(40)30 [l - 

Mp = 514.6 kip-ft 

514.6 > 145.8 kip-ft; OK 

Shear at this location = 273 kips 
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Shear stress v = = 3^7 psi 

Allowable v = 0.04f^ + 500QP ( e< l 4.24a) 

= 0.04(3000) + 5000(0.006) = 150 psi 

Stirrups must be provided to supply (347 - 150 = 197 psi) sufficient 
web reinforcement. 

r = 197/40,000 = 0.00493 

A y = rbs = 0.00493(30)12 = 1.77 sq in./ft 

Since the footing strap is of constant cross section in this example, 
other locations of the strap can be reinforced sufficiently. In this par- 
ticular design the earth passive pressure effect could have been neglected, 
since a much greater resistance to sliding was supplied by the frictional 
effect of the soil. In general, however, the passive pressure effect 
should not be neglected because in certain cases the principal resistance 
to sli ding is supplied by the passive pressure. 

The results of the dynamic analysis indicate the development of a 
maximum soil pressure which is much lower than the permissible value and 
the req uir ement of relatively high percentage of reinforcement in the 
col umn strap footing. Because of these, another cycle of design for further ; 
refinement might include a reduction in plan area of all foundation members 
and an increased depth of column strap footing. In addition, the depth of 
foundation below ground surface could be reduced, if need be, because little 
use is made of the potential passive pressure. 

NUMERICAL EXAMPLE, DESIGN OF A ONE-STORY STEEL 
FRAME BUILDING - ELASTIC BEHAVIOR 


7-28 GENERAL. This numerical example presents an elastic design of a 
typical bay of a windowless one-story, steel, rigid-frame building with re- 
inforced concrete walls and roof. Included is the design of a typical wall 
slab, roof slab, girder, and column of the building (fig. 7.39)* 

One-way reinforced concrete slabs are used for both the wall and 
roof deck. The roof slab is supported by structural steel purlins. The 
girders and col umn s of the frame are structural steel sections joined by 
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welding to provide moment-resisting connections. 

No fou n dation design is presented. Reference is made to paragraph 
7-27 for an illustration of this design procedure. 




Part Plan 


Figure 7.39. Plan and section of building 

Y _29 rrasiGN PROCEDURE. The steps in the design procedure are as follows. 
Step 1. Estimate the sizes of all structural elements which deter- 

mine the over-all dimensions of the building. 

Step 2. Compute and plot the time relationship for the incident 
overpressure, the front face overpressure, the rear face overpressure, the 
net lateral overpressure, and the average roof overpressure in accordanc 

with EM 1110-345-413 procedures. 

Step 3. Design the mil slab using the procedure of paragraph 6- 
and an idealized trian^lar load vs time curve derived from the front face 
overpressure vs time curve. Check the design using the actual time varia- 
tion of front face overpressure in a numerical integration. Erom this 
analysis obtain the dynamic reaction on the roof slab. 
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Step 4. Follow the same procedure as for step 3 for the roof slat 
and the purlin design. In both preliminary designs the incident over- 
pressure is idealized by a triangular load-time curve. The n umer ical in- 
tegration check of the preliminary roof slab is performed using the inci- 
dent overpressure curve. The numerical integration check of the purlin 
is based on the dynamic reactions from the slab giving due consideration 
to the effect of blast wave direction on the purlin loads. 

Step 5. Make a preliminary design of the column assuming the girders 
to be infinitely rigid and neglecting the effect of axial load on the 
column. As in all other preliminary designs, an idealized load-time curve 
is used. This load is obtained from the net lateral overpressure-time curve 

Step 6. Design the girder using an idealized load derived from the 
purlin dynamic reactions and check by a numerical integration using the 
purlin dynamic reactions dir ectly. 

Step 7. Check the. column design by a numerical integration consider- 
ing the relative flexibility of the column and girder and the effect of 

axial load on the column. For the load use the dynamic reactions from the 
vail slab, 

7-30 PAP DETERfflEATION. The computation of loads is explained in 
EM 1110-345-413 and illustrated again in paragraph 7-19 for a one-story 
building. In this example the necessary load curves are presented without 
any explanation or computation. The design overpressure of 10 psi is 
selected arbitrarily for this example. 

The overpressure vs time curves that are presented are: 

(1) Incident overpressure vs time (fig. 7.4o) 

(2) Front face overpressure vs time (fig. 7.4l) 

(3) Rear face overpressure vs time (fig. 7.42) 

(4) Net lateral overpressure vs time (fig. 7.43) 

(5) Average roof overpressure vs time (fig. 7.44) 
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Figure 7.40. Incident overpressure vs time 
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Figure 7.44. Average roof overpressure vs time curve 



EM 1110-3^5-417 

15 Jan 58 7-31 

7"3 1 DESIGN of WALL SIAB. The wall slab is designed as a simple beam, one 
foot in width, spanning vertically between the foundation and the roof 
slab. The slab is designed so that a plastic hinge will be developed at 
midspan when the slab is subjected to the design loading. This strain con- 
dition is considered to be the limit of the elastic range for purposes of 
this manual. 

\ The preliminary elastic design pro- 

' 1 —b cedure is outlined and then illustrated by 

— an example in paragraph 6-12. The dead 

‘ — load stresses are neglected for a vertical 

\/ . ii.67' — l= 1 1.67‘ wall. The slab thickness is selected so 

— as to illustrate a procedure for designing 

— slabs which are critical for shear stress. 

— * To reduce the shear stress a thicker slab 

— t-y 1 & - ... 

/• Y ' might be used. 

The design span length is equal to 
the clear height of the wall between foundation and roof. 

a- Design loading. The design load as idealized from the computed 
loading shown by figure 7.4l is defined by: 


B= 42 .6 kips 


B = 25.3 psi = 
= 42.6 kips 
T = 0.046 sec 


_ 25-3(11.67^1441 



T = 0.046sec 


Time (sec) 


t>* Elastic Range Dynamic Design Factors. (Refer to table 6.1.) 
= °‘ 6k > Si = °- 50 ^ Kim - °' 78 


R k = 384Ei, v- 

m L * q 3 v - 

51/ 

c. First Trial - Actual Properties. 

Assume D.L.F. =1.7 (experience) 

R m = D.L.F.(B) = 1.7(42.6) = 72.5 kips (par. 6-ll) 
Assume p = 0.015 


V = O.39R + 0.11P 
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(eq 4.l6) 


R m " L 


Mp = PfayM 2 ji - 135 ^] <* 1 k - l6 > 

0.015(5a)(l)a 2 jx - °i°7(^fj] - 0-S88d 2 klp-ft (a In inches) 

_ (8)0. 688a 70.5. .'. a = 12.4 in. 


11.67 


= 72.5, .'. a = 12.4 in. 


Try h. = l4.0 in.. 


p = 0.015, 


a = 12 . 5 in . , 


np = 0.15 


y - - ij^ZL : ■ P; 

NO. 2 Ties 43/4” Cover 1,5 



Mp = 0.688a 2 = 0.688(12. 5 ) 2 = 107-5 kip-ft 
E m ” TT “ ’ 73 ' 7 klps 


Ui J-i -* — - l 

I = bh 3 /l2 = (l4.0) 3 = 2740 in. 

I t = ha 3 4 np(l - k) 2 ] - 12(d) 3 [^4 + , 

= 0.905a 3 = 0.905(12.5 ) 3 = 1770 in.^ j 

I = 0.5(1 + I t ) = 0.5(2740 + 1770) = 2255 in- 


+ 0.15(1 - 0.42)" 


384EI 


5L 3 5(11.67 ) 3 (i 44) 


= 2270 kips/ft 


Weight - - lM ^(^oo) £Ll ' 2 '° 4 kipS 
Mass m. = 2 ^ g = 0.0634 kip- sec /ft 

a. First Trial - Equivalent Pr operties, 
k = Kpk = 0.64(2270) = 1450 kips/ft (eq 6.6) 

m = K^n = 0.50(0.0634) = 0.0317 kip-sec 2 /ft (eq 6.8) 

T n = = 6.28^5317/1450 = 0.0293 sec (eq 6.l4) 

e . First Trial - Available Re sistance vs Require! Resistance^ 

= l/ T n = 0.046/0.0293 = 1-57 

D.L.F. = 1-7 (fig* 5-20) 

t /T = 0.3 (fig- 5-20) 

t = 0.3(0.046) = 0.0138 sec 
m 
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7-31f 


Idealized load is satisfactory replacement for actual load-time 
curve up to t = O.OI38 sec (par. 5-13). 

Required R ffl = D.L.F.(B) = 1.7(42.6) = 72.5 kips 

The required R^ < available R^, therefore the selected proportions are 
satisfactory as a preliminary design. 

f • Preliminary Design for Bond Stress. 

At t m = 0.0138 sec, P = = 31 .o kips (fig. 7.41) 

V = 0.39R m + 0. IIP = 0.39(72.5) + 0.11(31.0) = 28.3 + 3.4 = 31.7 kips 
Allowable u = 0.15f • = 0.15(3000) = 450 psi (par. 4-09) 

K— — -H , t C > Zo = ~-r = ulMgQj - 6.45 in. 

V . . ' i'2.5" ,4.d' UOd 450(7)12.5 

J /7H Try #9 at 5-l/2 in., A = 2.18 in. 2 

No.9ot5^ J U s i y 


M Cover to Allow for 

Possible Shear Reinforcement JJo = 7«72 ill 


P = Ag/bd = 


0.0145, np = 10(0.0145) = 0.145 


g. Determination of Maximum Deflection and Dynamic Reactions 
Numerical Integration. 

I = bh 3 /l2 = (l4.0) 3 = 2740 ini 


h = 


k 3 

LT + n: 


ip(l - k) = 12(12.5) 


3. f(0.4l) 3 


+ 0 . 145(1 - o.4i) £ 


4 

= 1720 in. 


I = 0.5(1 + I.) =0.5(2740 + 1720) = 2230 in. 
a g « 

kips 

O Q) I p 

Mass m = ~ p = 0.0634 kip- sec /ft 


M p =pf dy bd 1- T 


pf , 

-J3L. 

-7fi 
<ic J 


r 0.0145 c 
L 1 "TE; 


= (0.0145)(52)(1)(12.5) |1 - ^ 
= 104.5 kip-ft (eq. 4.l6) 

E m = ~r - weight = § li? 67 ^ ■ 2>o4 
= 71«6 - 2.04 = 69.6 kips 


^Moximum Deflection 

k = 2250 kips/ft 
y e - 0.031 ft 


Deflection, y (ft) 


n4 


Figure 7.45. Resistance func- 
tion for 14-in. slab spanning . 
1L67 ft as a simple beam 
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= 384EI = (3«4)3(10) 3 2230 = 2250 kips/ft 

5L 3 5(ll.67) 3 l44 

69 .6 


y e ~ R n/ k ~ 2250 


0.031 ft 

Table 7.16. Determination of Maximum Deflection and Dynamic Reactions for Front Wall Slab 


t 

(sec) 

p 

n 

(kips ) 

R 

n 

(kips ) 

P - R 
n n 

(kips) 

y (At ) 2 
(ft) 

y n 

(ft) 

V 

n 

(kips) 

0 

0.003 

0.006 

0.009 

0.012 

0.015 

0.018 

42.6 

39-5 

36.6 

33-7 

30.8 

27-8 

25-0 

0 

8.7 

30.1 

54.1 

69.6 

66 . 7 

24.8 

21.3 

30.8 

6.5 

-20.4 

- 38.8 

-38.9 

+ 0.2 

O.OO 388 

0.00561 

0.00118 

-0.00371 

-0.00834 

-0.00834 

+0.00004 

0 

0.00388 

0.01337 

0.02404 

0 . 03100 * 

0.02962 

0.0199 

4.9 

7.7 

15.7 

24.8 
30.1 
29 .O 
12.4 

— 

* (y ) 

= 0.031 

max 

ft. 


n + 


The basic equation for the numerical integration in table 7-l6 is 

1 = y n (At) 2 + 2y n - y n _ 1 ( table 5 * 3) ' Wiiere 

.. , v 2 ^ P n " R n^ At ^ _ l F n ~ R n^ 0 ‘ Q ° 3 j__ = i. 8 l 8 (lO _1+ )CP - R ) ft 
y n (At) = ^(m) 0 . 78 ( 0 . 0634 ) n n 

The time interval At = 0.003 sec is approximately equal to T/lO 

(par. 5-08). The dynamic reaction equation is given in paragraph 7-31h. 

The P values for column 2 are obtained from figure 7-4l, multiplying by 
n 

144 ( 11 . 67)/ 1000 = 1.68 to obtain load in kips. 

The maximum deflection (y n ) max , computed in table J.l6, is 0.031 ft 

which is equal to the allowable y m of 0.031 ft. 


h. Shear Strength and Bond Stress^ 

v = 30.1 kips (table 7«l6) 
max 

For no shear reinforcement 

Allowable v = 0.04f * + 5000p (eq 4.24) 

v = 0.04(3000) + 5000(0.0145) = 120 + 72.5 = 192.5 Psx 

8 V 8(30.1) _ 22 q psi therefore shear reinforcement re- 

v = Tbd = 7(12)(12.57 ~ y P ' 


quired for 229 - 192-5 = 37 psi. 


H5 


I 
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Constr. Jt._ 


^Corner Dowels 
No. 7 at 11“ 


No. 9 at II — 
No. 4 atel" 


Constr. Jt.- 


^2 No. 3 Stir, 
ot ll"Along Wo 

'No. 4 at 17" 
-No. 9 at 5^" 


f Z No. 3 Stir, 
at ll"Along Wall 


No. 7 ot ll’bowels 


Note: Wall Steel to have ~ Cover Inside 
2 Cover Outside 
Foundation Steel Not Shown 
Roof Slab Steel Not Shown 


= 0.001 


Try 1 #3, A e = 0.11 
s 

r = A s /bs = — ^ = 0.001, 

/. s = 10 in. 

U = -§ 5 L _ 8(30,100) 

72od ” 7(7.72)12.5 

= 356 psi; OK 

Allowable u = 0.15f' 

c 

= 0.15(3000) = 1+50 psi 
i. Summary. 

14 -in. slab 
p = 0.0145 
So =7.72 in. 

Shear reinforcement #3 ties 




at 10-in. alternate bars. 

7-32 — ESIGN QF P-Q° F SLAB « design of the roof slab is similar to the 

design of the wall slab in paragraph 7-31 except for the load considera- 
tions and hhe inclusion of dead load stresses. 

This roof slab is sup- i 

ported on purlins spaced at ± l : - ■ « 5 : ; j‘-,: S • S 

5 ft 4 in. so as to load the I 

girder at the third points. 8 ! 

The design load is based on the v “ 4 “ 

(- — 

incident overpressure curve 

(fig. 7.40) which results from \ Y r 

tbe blast wave moving normal to 9 * * • * * * ^ ^ £ 

I L s 5.33* 

the span direction of the slab. 1 ” ** 

The load is uniformly distributed along the slab and varying with time. 
Adjacent slab elements are loaded progressively; however, the shock wave 
speed is such that the entire slab may be considered to be loaded at once. 

The slab is continuous over the purlins; however, it is designed as 
a single span fixed at both ends according to the procedures of paragraph 
7-11. Tbe span length of the beam is the centerline spacing of the purlins. 
The design is based on a one-foot width of slab. 

Il6 
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a. Design Loading. Hie design load as idealized 
from the computed loading shown by figure 7.40 is defined 
by: 

B = 10 psi - „ 7.69 h.ps 


B = 7.69 kips 


T = O.38 sec 

b. Elastic Range Dy 
bo table 6.1.) 

= 0.53, 

12Mp 

R = — r — > 
m L 

V = o.36R n + o.!4P n 


lie Design Factors. (Refer 


T s 0.38 sec 
Time (sec) 


Km » o.in, 

v _ sgs 


Kffl - °' 7T 


C. First Trial - Actual Properties. 

Assume D.L.F. = 2.0' (experience) 

R = D. L.F. (B) = 2.0(7.69) = 15.38 kips (pax. 6-ll) 

m 

Assume p = 0.015 


0.015(52)(l)d 2 [l - . 0.688d 2 Klp-« (a m inches ) 

12M P _ (I2)0.688d 2 = 15 3 a d = 3-14 in. 

_= 5.33 

Try h = 4-1/4 in., d = 3-l/4 in -> 

ri 3 4 T p = 0.015, np = 0.15 
’ ^ = o.688d 2 = 0.688(3-25) = 7.26 kip-ft 

"" 7 " C ° V * r _ 12M P _ 12(7. 26j 16.05 kips 


/ 1 “ TU“ 1 1 

lNo.4at3^- 4 Cover 


R = — r 
m i> 

, _ 4 


= 16.35 kips 


I = bh 3 /l2 = (4.25) 3 = 76.5 in. 

1" . [£■ ♦ np(i - h) 2 ] - 12(d) 3 

= O.905d 3 = 0. 905(3. 25) 3 = 31.° in * ^ 

I = 0.5(1 + x t ) = 0.5(31.0 + 76.5) = 53.7 m. 

384EI _ ^84)3(10 3 )53.7 = 2 840 kips/ft 
L 3 (5.33) 3 l44 
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7-32d 


Weight = + 6.0J - o.^lk kips 

Mass m = = 0.00975 kip-sec 2 /ft 

jdm d. 

d. First Trial - Equivalent Properties. 
k = K,k = 0. 53(2840 ) = 1505 kips/ft (eq 6.6) 

e J-j p 

m e = ^M? 11 = 0>>4l(0. 00975 ) = 0.004 kip-sec /ft (eq. 6.8) 

T n = 2*^/m e /k e = 6. 28^/0.00l+/l505 = 0.01025 sec (eq 6.l4) 


e. First Trial - Available Resistance vs Required Resistance. 

C T = T/T n = 0.38/0.01025 = 37-0 

D.L.F. = 2.0 (fig. 5.20) 

t m /T w0 (fig. 5.20) 

t ^ 0 sec 
m 

Required R^ = D.L.F’. (B) = 2.0(7*69) = 15*38 kips 

The required R » available R .therefore the selected proportions are 
m m 

satisfactory as a preliminary design. 

f . Preliminary Design for Bond Stress. 

At t = 0, P = = 7.69 kips (fig. 7-4o) 

m jluuu 


V = 0.36R m + 0.14P = 0.36(16.35) + 0.14(7.69) = 5-9 + 1.08=6.98 kips 
Allowable u = 0.15f( = 0.15(3000) = 450 psi (par. 4-09) 


~ v 8(6980) . 

^° - njd " 450(7)(3.25) 
fry #4 at 3-l/2 in., A 

s 


5.45 in. 

: O.69 in. 


2 


Zo = 5*4 in. 


p = A g /bd = = *0178, np = 10(.0176) = 0.176 

g. Determination of Maximum Deflection and Dynamic Reactions by 

Numerical Integration. 

I = bh 3 /l 2 = (4.25) 3 = 76.5 in. 4 
g . 

k = Vn 2 p 2 + 2np - np = 0.444 

I t = bd 3 ^ + np(l - k) 2 J = 12(3. 25 ) 3 + 0.176(1 - 0.444)^J 

= 34.5 in. 4 

I = 0.5(1 + I. ) = 0.5(76.5 + 34.5) = 55-5 in. 4 

a & w 
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Weight = 0.31^ kips 

Mass m = = 0.00975 kip-sec 2 /ft 


r pf dy 1 
Mp = p f dy td ^ - r^J 

= 0 . 0176 ( 52 )(l)(3 • 25 ) 2 jl - °-f 3 ^] 

= 835 kip-ft (eq. 4.l6) 

B , - weight = - 0 . 311 * - 18.5 hips 

m L Poj 

384EI = 184(3)(10) 3 55»_5 = 2930 kips/ft 
L 3 5-33 3 (l^) 

- V k - M - °- oa53 ft 


3.0176(52) 

1.7(3. 9 r 


_Rjm! 

k * 2930 kips/ft 
y e s 0.0063 ft 

Maximum Deflection 


K = 
m 


<r j |^^^|-Maximum Deflection 

Ve Vep 

Deflection, y (ft) 

Figure 7.46. Resistance func- 
tion for a 4-1 /4-in. continuous 
slab spanning 5.33 ft 


The hasic equation for the numerical integration in table 7-17 is 


y n + 1 - y n (At) + ^n ' y n - 1 


(table 5-3) where 


.2 ( P n ' R n^ At ^ _ ^ F n ~ R ^ 10 = 1.33 (lO -4 )^ ~ *0 ft 

y n (At) = K^7 0.77(0.009'/' >7 n 

The time interval At - 0.001 see is approximately equal to V 10 
. 0.001025 (par. 5-08). The dynamic reaction equations are listed in 

TM, 7.17. Determination of M— Deflection and Dynamic Reactions for Roof Sink 


t 

( sec ) 
0 

0. 001 
0.002 
0.003 
o.oo4 
0.005 
0.006 
0.007 
0.008 


p 

n 

(kips) 

7-69 

7.67 

7.65 

7.63 

7.61 

7-59 

7-57 

7.54 

7.51 


F " R n 
n n 


(kips) (kips) 


0 

1.49 

5-39 

10.17 

13-95 

15.27 

13.60 

9-58 


3-84 

6.18 

2.26 

-2.54 

-6.34 

-7.68 

-6.03 


y n (At)‘ 


0.00051 

0.00082 

0.00030 

-0.00034 

-0.00084 

- 0.00102 

- 0.00080 


0 

0.00051 

o.ooi84 

0.00347 

0.00476 

0.00521* 

0.00464 

0.00327 


n 

(kips ) 

1.08 

1.6l 

3.01 

4.73 

6.08 

6.56 

5.96 

4.50 


(•v V = 0.0052 ft. 
w n max 
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The values for the second column are obtained from 


paragraph 7- 32b. 
figure 7-40, multiplying by [l44(5.33)(l)] /lOOO 
kips. 


O.769 to obtain load in 


The maximum deflection (y ) , computed in table 7*17, is 0.0052 ft. 

n max 


This is less than y g = O.OO63 ft. 


Design is satisfactory, 
h. Shear Strength and Bond Stress. 

V max = kips (table 7-17) 

For no shear reinforcement 

Allowable = 0.04f^ + 5000p (eq 4.24) 

v = 0.04(3000) 4- 5000(0.0176) = 120 + 88 = 208 psi 

y 


V = 


u = 


~ 7Ci27(f^2$ 7 = ^92 psij OK, no shear reinforcement required 

JX 8(656 0) _ 4s8 psi 

7 Sod 7(5.V)3.25 P 


Allowable u = 0.15f^ = 0.15(3000) = 450 psi; OK for bond 



i. Summary. 

4-1/4- in. slab 

p = 0.0176 
So = 5.4 in. 

No shear reinforcement 


7-33 DESIGN OF ROOF PURLINS. The purlins are framed flush with the top of 
the girders and are provided with moment-resisting connections. The top 
flanges of the purlins are anchored to the concrete roof slab to provide 
lateral support to the top compression flange. 

Although composite behavior of the slab and purlin can be expected to 
develop to a limited extent, preliminary computations showed that design 
for independent behavior of slab and purlin is more desirable for this ar- 
rangement of slab and purlin (pars. 4-12 and 6- 23). Accordingly, this pur- 
lin design neglects composite behavior. 

The purlins are designed to pass into the elasto-plastic range, but 
not into the plastic range. This means that the deflection is limited to 
that necessary to just develop the plastic hinges at midspan. This point 
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L = 18 - 0 " 


is indicated in figure 7-50 (page ^ " ' ' fT]" j 

L30). Since the design proce- ' X 

lures of this manual provide only , — 1 ■ H 

Tor single-span elements, this 

purlin is designed as a fixed-end |TTT || 11 11 11 ill L—jL.-iHiiiilj 

3 earn spanning 18 ft between * l « i8‘-o'' ♦ 

girder centerlines. . 

a. Loading. For the blast wave moving normal to the long axis o 

;he building and thus normal to the axis of the purlin, the loading may loe 
:onsidered to be uniformly distributed along the length of the purlin. .or 
;his condition the pressure vs time variation at each point on the roof . 
t function of its position (par. 3 - 09 ). 3* addition the load on a pur in 

Ls a function of the length of the slab spans between purlins because the 
Load on the purlin increases as the blast wave traverses the two a J 

I bs. In the preliminary design of the purlins the design load 1 . . 

|Led from the incident overpressure curve (fig. 7*^0) without 

>n of any sort. The rise time of the load on the slab, the slab dynam 

reactions, and local variation in overpressure on the slab are al neg 

Lected in this preliminary step. 

For the blast wave moving parallel to the long axis of e u 
and thus parallel to the axis of the purlin, the load varies along^ e 
as a result of the time required for the blast wave to traverse ^ ^ ^ 
span. At any point along the purlin the time variation of e 
same and defined by the incident overpressure vs time curve 1 ^ 

In the calculations that follow the load vs time curve 
Lin are obtained first for the blast wave moving parallel 
of the building and then for the blast wave moving para e 

axis of the building. ^ nced ure is then ana- 

The purlin obtained by the preliminary design P 

W for dot* loads In tadles 7-19 and 7-20 (pa s es 0* and 1*6). 

wye moving, BgO lgl ^ the Sh0rt ^ of par- 

2 ^lins and 

I % U) - (B) daring «. ^“ rent fron the incident 

Aiders of this building is only slight y 
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overpressure curve (fig. 7-40). The detailed computations to show this are 
not presented but are similar to the computations in paragraph 7-23a. Ref- 
erence to the example in paragraph 7-23 and comparison of the critical t ime 
values of that example with the results of the following numerical analysis 
(table 7.18) show that the incident overpressure is a satisfactory basis 
for determining the purlin loading. 

Table 7.18. Determination of Dynamic Reactions for Roof Slab, Local Roof Overpressure at 
Centerline of Purlin (A) (Including Rise Time Correction) 


t 

(sec) 

p 

n 

(kips ) 

R 

n 

(kips) 

P - R 
n n 

(kips) 

y n (At) 

(ft) 

y n 

(ft) 

V 

n 

(kips ) 

0 

0 

0 

0.31 

o.oooo 4 i 

0 

0 

0.001 

2.01 

0.12 

I.89 

0. 000251 

o.oooo 4 i 

0.32 

0.002 

4.03 

0.98 

3.05 

0. ooo 4 o 6 

0.000333 

0.91 

0.003 

6 .o 4 

3.02 

3-02 

0. 000402 

0.001031 

1.94 

o.oo 4 

7.64 

6.24 

i. 4 o 

0.000186 

0.002131 

3*32 

0.005 

7.62 

10.01 

-2.39 

. -0.000318 

0.003417 

4.67 

0.006 

7.60 

12.85 

-5.25 

-0.000698 

0.004385 

5.69 

0.007 

7.57 

13.64 

-6.07 

-0.000807 

0.004655 

5-97 

0.008 

7.55 

12.07 

-4.52 

-0.000601 

o.oo 4 ii 8 

5.41 

0.009 

0.010 

0.020 

0.030 

o.o 4 o 

7.53 

7.51 

7.31 

7.11 

6.91 

8.73 

^.93 

-1.20 

-0.000160 

0.002980 

0.001682 

4.19 

3.76 

3.65 

3.55 

3-^5 


The roof slab is analyzed in table 7.18 for the modified incident 
overpressure curve presented in figure 7.4-7. The analysis in table 7.18 
is based on the following data developed in paragraph 7.32. 

Elastic range: y n (At) 2 = 1.33(lO -i< ')(P ii - R^) ft 

k = 2930 kips/ft 
J e = 0.0063 ft 
& m = 18.5 kips 
V = O.36R + O.lkV 

This computation is performed to obtain the slab dynamic reactions on the 
purlins* The dynamic reactions of the slab for the overpressure variation 
&g purlins (A) and (b) are the same for the time range considered^ because 
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the maximum response of the slab occurs before there is any appreciable 
difference in the overpressure at points (a) and (B). 

To obtain the design load for purlins (A) and (b) the dynamic reac- 
tion data from table 7. 18 are plotted in figure 7.48. The total purlin 
load is eq.ua,l to the sum of the reactions of the slabs forward and aft of 
the pur lin . In figure 7*48 it may be seen that the same dynamic reactions 
are plotted with a time lag 

hae - ito§ - °- 0038 sec 

The loads from figure 7*48 are used in table 7.19 to check the pre liminar y 
purlin design. 

Table 7.19. Determination of Maximum Deflection and Dynamic Reactions for Purlins, 

Blast Wave Perpendicular to Purlin Axis 



(sec) 


0 

0.003 

0.006 

0.009 

0.012 

0.015 

0.018 

0.021 

0.024 

0.027 

0.030 

0.033 

0.036 

O.O39 


P 

n 

(kips) 


0 

36.0 

120.6 

162.0 

162.0 

133-2 

132.3 
131.0 
129-6 

128.3 

126.9 
125.6 
124.2 

122.9 



2.3 

18.7 

77.7 
155-6 
175-0 
190.9 
202.0 
205.0 
193.8 
155-2 

104.7 


P - R 
n n 

(kips) 


5.6 

33.7 

101.9 

84.3 

6.4 

-41.8 

-58.6 

- 71.0 

-75.4 

-65.5 

-28.3 


v n ( At y 


0.00033 

0.00198 

0.00600 

0.00496 

0.00037 

-0.00243 

-0.00341 

-0.00413 

-0.00525 

-0.00386 

-0.00167 



0 

0.00033 

0.00264 

0.01095 

0.02422 

0.03786 

0.04907 

0.05687 

0.06054* 

O.O5896 

0.05352 

0.04641 


*(y ) = 0.060 ft, 

n max 


Blast wave moving parallel to the long axis of the building: 

Tbe design load on the purlin is determined in figure 7.49 using the 
slab dynamic reactions obtained in table 7-17 for incident overpressure. 
The variation of the average load on the purlin with time is found by in- 
troducing the time lag 
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igure 7.48. Purlin design load for local roof overpressure, blast wave moving perpendicular to purli\ 
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because the variation in slab dynamic reaction with time is the same at 
each point along the purlin. The load curve from figure 7.49 is used in 
table 7*20 to check the preliminary purlin design. 

Table 7.20. Determination of Maximum Deflection and Dynamic Reactions for Purlins, 
Blast Wave Parallel to Purlin Axis 


t 

(sec) 

P n 

(kips) 

R 

n 

(kips) 

P -R 
n n 

(kips) 

V At > 2 

(ft) 

y n 

(ft) 

v n 

(kips) 

0 

0.003 

0.006 

0.009 

0.012 

0.015 

0.018 

0.021 

0.024 

0.027 

0.030 

0 

19.8 

72 .0 
108.0 

140.4 

158.4 
144.0 
133.9 
133.6 
133.2 
132.8 

0 

1.3 

10.3 

45.1 

106.1 

157.5 

172.7 

185.6 
194.1 

197.7 
188.9 

3.1 

18.5 

61.7 

62.9 

34.3 

0.9 

-28.7 

-51.7 

-60.5 

-64.5 

-56.1 

0.00018 

0.00109 

0.00363 

0.00370 

0.00202 

0.00009 

-0.00167 

-0.00301 

-0.00352 

-0.00375 

-0.00330 

0 

0.00018 

0.00145 

0.00635 

0.01495 

0.02557 

0.03628 

0.04532 

0.05135 

0.05386* 

0.05262 

0 

3.2 

13.8 

31.4 
57.9 
78.8 
83.2 
87.1 

90.4 
91.8 
86.6 





The preliminary design load as idealized from the computed loading as 
b = i 38 kips shown by figure 7.40 is defined by 

B = 10 psi = — X ^qqq 33 ^ ) = 138 kips 
T = O.38 sec 

Dynamic Design Factors. (Refer to table 6.1.) 
Elastic range: 

= ° Al ’ *w = °‘ 77 



T = 0.38 sec 

Ti'ne (sec) 

= 0.53, 


R, = 
1m 


1 2M p; 


b 

L ' 


v 384EI 
1 "~ 


v = 0.36R.+ o.i4p 
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Elasto-plastic range: 
= 0.64, 

8 


^ = 0.50, 


^ = 0.78 


v 384EI 
5L 3 


E m * L (“PS + V’ 

V = O.39R + 0.11P 
Average values: 

= (O.53 + 0.64)0.5 = O.58 
= (o.4i + 0.50)0.5 = 0.45 
%j = (0.77 + 0.78)0.5 = 0.77 

22Mp 


R = T 

ni L 




264EI 


e. First Trial - Actual Properties. 

^ “ps " “R. - “p 

Assume D.L.F. =2.0 and neglect dead load stresses (experience) 
R m = D.L.F.(B) = 2.0(138) = 276 kips (par. (6-11 ) 

Mp = 1.053^ = 1,( ^(^ 1,6 ) s = 3.64s kip-ft (S in in. 3 ) (eq 4.2a) 

R m . ^ = ( gg )g-^ 3 . 276, /. S = 62 in. 3 
Try 16 VF40, b/t = 7.0/0.503 = 13*9 < l4; OK, S = 64.4 in. 3 
I = 515.5 in.\ Z = 72.7 in. 3 , 0-5(S + Z) = 68.5 in. 3 

Mp = 0.5f dy (S + Z) = = 237 kip-ft 


- 22Mp _ 22(237) _ 


R m = ~ L = —W 


290 kips 

3' 


k = 264EI = (264)30^)^5 = 487 o kips/ft 
L 3 l8 3 (l44) 

Weight = | + 6-o] 5.33 + 4o| 


18 

1000 


=6.4 kips 


Mass m = = O.I985 kip-sec 2 /ft 

d. First Trial - Equivalent Properties. 
k g = Kpk = 0,58(^870) = 2820 kips/ft (eq 6.6) 


33c 
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m e = Si 111 = °* ii -5(0.1985) = 0.0894 kip-sec 2 /ft (eg. 6.8) 

T = 2rt Jv’T = 6 .28^0.0894/2820 = 0.0353 sec (eq. 6.l4) 


e. First Trial - Available Resistance vs Required Resistance. 

C T = T/T n = 0.38/0.0353 = 10.8 

D.L.F. = 1.95 (fig. 5*20) 
t m /T = 0.05 (fig. 5.20) 
t = 0.05(0.38) = 0.019 sec 

Idealized load-time curve is satisfactory up to t ffi (fig. 7*40) 

Required R m = D.L.F.(B) = 1.95(138) = 269 kips 

The req uir ed R < available R ; therefore the selected proportions 
m m 

are satisfactory as a preliminary design. 

f . Preliminary Design for Shear Stress. 

At t m = 0.019 sec, P = ^ = 131 kips (f^. 7.40) 

V = O.36R + 0.11P = 0.36(269) + 0.11(131) = 111.4 kips 

v = = 22,700 psi (allowable v = 21,000 psi)(par. 4-05c) 

dt (Id JO. 307 


Since V = 111.4 kips is estimated it is desirable to continue with in- 
vestigation of 16 who. 

g. Determination of Maximum Deflection and Dynamic Rea ctions by 
Numerical Integration. 

Mp = 0.5f dy (S + Z) =237 kip-ft 
Weight =6.4 kips 
Mass m = O.I985 kip-sec 2 /ft 
Elastic range: 


R 


12Mp 


lm 


- weight 


" " 8.4 = 151.6 kips 


k _ 384EI _ (384)30(10)^515.15 _ y 10 o kips/ft 
1 l 3 I8 3 (l44) 

\ - TITO = 0 - 0211 * ft 

k e = Vl = °* 53(7100) = 3760 kips/ft 
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m e = V = °* if - 1 ( 0 * 1 985) = 0.0815 kip-sec 2 /ft 
T n = 2jt^m e /k e = 6.28^0.0815/3760 = 0.0292 sec 


Elasto-plastic range: 


[7* I k, * 7IOOkips/ft 

1 / | I kep= 1420 kips/ft 

I | I y e s 0.0214 ft 

/ - y ep = 0.059 ft 

( I ['•Maximum Deflectio n 

y« Vep ~~ - 

Deflection, y (ft) 

Figure 7.50. Resistance func- 
tion for 16 W 1 40 purlin 
spanning 18 ft 


R m = - weight = _ 6.4 - 205 kips 

1. 384EI 1 . _ !j>±. 


|= = 4 k x = 1420 kips/ft 


R - R-, 

y = y = y + = 0.0214 + 

J m J ep J e k 

ep 


205 - 151.6 


= 0.0214 + 0.0376 = 0.059 ft 


The basic equation for the numerical integration in tables 7-19 and 7*20 is 
y n + 1 = y n^ At ) 2 + ^n " y n - 1 ( table 5-3) where 

(P - R )(At) 2 

y * ( «> 2 - °^n) 


2 (P n “ R n )9(l ° } 5 

y(At) = — - n - v — = 5-88(10 • ? )(P vi - R ) ft, elastic range 


(P - R >9(3.0 ) K 

y n< At) - -imw ’ 5-8l(lO-0(^ n - B ) ft, elasto-plastic 
v y ' range 

2 (P n " R )9(10' 6 ) - 

y n (At) = ' Q ~ .oc"( 0 . 1985 ) = (1 ° )(P n " V ft ' plastic ran S e 

The time interval At = 0.003 sec is approximately T^/lO = 0.00292 (par. 

5-08). The dynamic reaction equations are listed in paragraph 7~33h- In 

table 7-20 the P^ values for the second column are obtained from figure 

7.49, multiplying by 2 X 18 = 36, to account for the two slabs loading the 

purlin. In table 7-19 P n values for the second column are obtained from 

figure 7-48, multiplying by 18, the length of the purlin. 

h. Shear Stress Check. 

V = 93.4 kips (table 7.19) 

v = — • — ... ftlQP .. _ ]o 00O usi 

dt w 16(0.307) “ iy,UUU p 
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Allowable v = 21,000 psi; OK (par. 4-05c) 

i. Check Proportions for Local Buckling, (par. 4-06d) 

16 vf4o, b = 7 . 0 , t f = 0.503 

a = 15-0, t w = 0.307 

b/t f = 7.0/0.503 = 13.9 < 14.0; OK 

a/t = 15.0/0.307 = 49.0 > 30 j NG f I f 

w 5.0" 45" 


5 . 0 " 4 . 5 " 


. 11 Continuous , 

Longitudinal stiffeners are required I I weid 

t 8 = 3/8 > 0.307 — rtz? 

h s /t s = 6 ; b s = 6 t g = 6 ( 3 / 8 ) = 2.25 in. is.ooe" ] . I5 '°" 

Use 2 plates 3/8 in. by 2-l/4 in. full 84 

length welded continuously as described in 

— —0.307" 

paragraph 4- 06d. J 11 | — *~ 

c/t w = (4.5)/0.307 = 14.6 < 22; OK , 7.0" , | *0.503“ 

e/t w = (10.12J/0.307 = 33 < 40; OK 
Weight of added stiffener plates = 5-7 lb/ft 
7-3^ I^LmnmRY DESIGN OF COLUMNS, a single-story frame subject to lat- 
eral load behaves essentially as a single-degree-of -freedom system with the 
column displaying the spring properties. It is therefore unnecessary to 
substitute an equivalent system for the original structure, and the mass 
and load factors that are necessary in the design of beams and slabs are 
not used in the design of single-story frames. 

The preliminary elastic design procedure of paragraph 6-12 is used 
to determine the preliminary column size. The equations of paragraph J-06 
__ ^ ___ are used in the pro- 

cedure of paragraph 

r 16 ,_ 0 n f]r i 6 '- 0 " fjl i 6 '- o' ]j _ 12 w 7 6-12 to replace some 

1 ~ ~~~* y ' ' i ~ *T* 8 Column 

i 8 ”8 j 10-2 • i of the factors used 

Jj! T 

| 4 > r ; / ■ 4 - I in determining equiv- 

F f fnX alent single-degree- 

$» m 1> «# 

— — q ~ J of -freedom systems. 

For purposes 
of preliminary design 
the frame girders 

'wrrrhmrjT are assumed to be 



1 ' 

1 1 

-1 

r . 1 



r 

1 itf-o" 

4 

f, 

1 

16'- 0" 

[ l 

I 16'- 0" j i 

12 W 7 


\ 0'-8" 

i 


1 , 

10- 2" 1 

, 

1 j 

Column 


r— — 

* 



h : — — ■ — rn 
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infinitely rigid thus simplifying the determination of the column spring 
constant. For spring constant computation the effective column height is 
10.17 ft based on an assumed girder depth of 3 ft and clear height of 8.67 
ft. The clear height is used in determining the maximum resistance of the 
columns (par. 7-0 6). 

In the preliminary design of steel columns it is desirable to be con- 
servative to allow for the factors which are neglected in the preliminary 
design. These factors are: (l) the effect of direct stress on the plastic 
hinge moment and (2) the effect of girder flexibility. 

a.. Design Loading. The design lateral load on the frame is obtained 
from the dynamic reactions at the top of the front wall slab. However, for 
the preliminary design procedure it is satisfactory to use the net lateral 
overpressure curve (fig. 7* 43). In this case the total concentrated lateral 
load on the frame is the product of (l8 )(6 . 18 )J ne ^ • The effective wall 
height determining the frame load is obtained from the wall clear height 
and roof slab thickness 


B = 405 kips 



h* = + O.35 = 6.18 

The design load as idealized from the computed, 
loading shown by figure 7*^-3 is defined by 


T =0.046 sec 


Time (sec) 


B = 25.3 psi . , 405 kips 


T = 0.046 sec 


b. Mass Computation. 

. 73 . 5 kips 

RC0 P slab [hMiS°l 57-3 kips 


Purlins 


4 o( 18)10 


7 . 2 kips 


Girders (estimated) " - ^qq^ - = 7.4 kips 
Columns (estimated) = 5.2 kips 


Connections = 0. 1(7*2 + 7-4) = 1.4 kips 


of girders and purlins) 
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Single-degree-of -freedom-system mass = total roof + girder + 

, \ 57.3+7.2+7.4+1.4+0.33(73.5+5.2) 

1/3 (vails and columns) = 32~2 * 

= |§t| =3.09 kip-sec 2 /ft 

c. First Trial - Actual Properties. 

Assume D.L.F. = 1.2 (experience) 

E = D.L.F. (B) = 1.2(405) = 486 kips 
m 

Required M ]} = R m h/2n = 486(8.67)/2(4) = 527 kip-ft (eq 7-l4) 

The effect of axial column load is neglected 

% * v ^ + 2) 


(eq 4.2) 


3 + Z , , Sltel . 152 ln .3 

2 f dy 

Smallest column that satisfies buckling criteria is 12 VF120 
S = 163.4 in. 3 , Z = 186.0 in. 3 , I = 1071.7 In. 4 , 0.5(S + Z)= 174.5 in. 3 
A = 35.31 in. 2 

a/t = IO.91/O.7I = 15.4 < 22, OK; b/t f = 12.32/1.106 
= 11.1 < 14.0, OK (par. 4-06d) 

Mp = 0.5(S + Z)f^ = (174.5)41.6/12 = 605 kip-ft 


- 2nMp _ 2(4)605 


558 kips 


d. Fir-st Trial - Determination of D.L.F. 

k = 12EIn/h 3 = lg(30)l0 3 (1071. 7 )4 _ 10j 200 kips/ft (eq 7*10) 

144(10. 17 ) 3 

T n = 2it-^m/k = 6.28 .09/10,200 = 0.1695 sec 

T/T n =0.046/0.1095 = 0.42 
D.L.F. =1.07, t m /T = 0.93 (fig. 5-20) 
t = 0.93(0.046) = 0.043 sec 

The original load-time curve should be revised to obtain a closer ap- 
proximation to the total impulse up to time t m . The impulse up to 
t = 0.05 sec in figure 7-43 is: 
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H = 0.82 psi-sec- (obtained by graphical integration) 

T = 2H/B = 2(0.82 )/25. 3 = O.O65 sec 

t/t q = 0.065/0.1095 = 0.593 

D.L.F. = 1.3, t m /T = 0.70 (fig. 5.20) 
t m = 0.7(0.065) = 0.0455 < 0.05 

The revised idealized load- time curve is satisfactory 
Required R m = D.L.F.(B) = 1-3(405) = 527 kips < 558 kips; OK 
There is no need for further trials. The required R m of 527 kips is 
greater than original estimate of 486 kips but less than R available from 
12 \F 120 (558 kips). Therefore the 12 VF 120 is accepted for preliminary 
design. 

e. Shear Stress Check of 12 ^120. 

R 

Estimated V rr1Qy = = 139*5 kips 

V = tTd = 0.710(13.12) = 15 > 000 P si 
Allowable v = 21,000 psi; OK (par. 4-05c) 

^ * Slenderness Criterion for Beam - Columns, (par. 4-08) An approxi- 
mate evaluation of the 12 ^120 column slenderness criterion is made before 
the column size is accepted for final analysis. The criterion is: 

527 

Mp = (805) = 570 kip-ft, rough estimate based on ratio of required 

R„ to available R 
m m 

Mp = 605 kip-ft 

P P = f dy A = 1+ -'-6(35*3l) = 1470 kips 

P D = ^'1000(3^ )l8 = 3920 kips > Et t m ° °* 01+55 sec ( fl S- 7 * 43 ) 

K' = 0.14 (table 4.1) 

K" = 0.50 (table 4.2) 

L = 8.67 ft. (clear height) 
r = 3.13 in. d = 13.12 in. 
b = 12.32 in. 

= 1.106 in. 
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Substituting in equation (4.10) gives 

/570\ fo.l4(8. 67)12(13. 12) 1 , /392 \ 0.5(8.67)12 " 

i^05j 100(12.32X1.106) J \I57oj 15(3.13) 

= 0.132 + 0.284 = 0.4l6 < 1; OK 


7-35 


GIRDER DESIGN. The design procedure for the frame girder is identical 
to the girder design in paragraph 7-25 • To provide continuity in the. pres- 
entation of this building design example without excessive repetition, this 
girder design is limited to the computation of the resistance diagram and 
the numerical integration computation to check the adequacy of the girder 
resistance. The same prelim- 


— 


. . .. | 

1 . 

■l. ifip: . 

l L§lq: 1 

L. ,i 


□zoa i rr| 


16-0 


inary computations performed ■ 
in paragraph 7-25 have been 
performed for this girder but 
are omitted for simplicity of 
presentation. The girder is r_ n 

designed as a f ixed-pinned beam. A3 6 W 150 girder is selected by the 
preliminary computations. 

The design load curve (fig. 7-5l) is presented. The method of de- 
termining the load curve from purlin reactions is the same as described in 
paragraph 7-25* The dynamic reaction data are obtained from table 7- 19- 

a. Determination of Maximum Deflection by Numerical Integration. 
Based on the preliminary computations which are omitted to reduce duplica- 
tion the numerical integration analysis is performed for a 36 VF150 girder. 


S = 503 in. 3 , Z = 580 in. 3 , I = 901 2 in. 

Girder Mp = f dy [(S + Z)/2] = 1875 kip-ft (eq 4.2) 

The static loads develop a moment at the fixed support 
Static load moment = kO kip-ft 

The moment in the girder to resist lateral frame motion is 


•| Mp of column = | ( 605 ) = 403 kip-ft (pars. 7-34e and 7-H) 

E ]m = T = 1 (1875 - 40 - 403) = 538 kips 

k 5 _ 13g(30)l0 3 (9012) „ 60,400 kips/ft 
L 3 i6 3 (l44) 
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Figure 7.51 . Girder design load 
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The resistance diagram is shown ty figure 7 • 52. 
Total concentrated mass = 0.40 kip- sec /ft 
Total uniform mass = 0.075 kip-sec 2 /ft 
Concentrated load and mass, = 0.83 
(table 6.1) 

Concentrated load and uniform mass, 



K ffl = 0.55 (table 6.l) 


T = 2it 
n 


=V m) 


1/2 


= O.OI56 sec 


Use At = 0.0015 sec < ^ = O.OOI56 (par. 

.2 (F n - V^- 001 ?) 2 

* 0.1t0(0.fc3) + 0.55(0.075) 


Figure 7.52. Resistance function 
for 36 W150 girder spanning 
20 ft, fixed at one end and 
pinned at the other 

5-08) 

= 6.0l(l0" 6 )(P n - R n ) ft 


The numerical integration in table 7*21 is based on the equation 
v - v (At) 2 + 2y - y , (table 5-3 )• The dynamic reaction equa- 

tions are: 

V 1 = 0.17R + 0.17P (table 6.l) 

V 2 = 0.33R + 0.33P 

The P values for the second column in table 7.21 are obtained from 
figure 7.5i n multiplying by 4 to obtain the total concentrated load applied 

to the girder by the two purlins. 

In table 7-21 the maximum R n = 423 kips < 538 kips. The design is 

satisfactory. 

b. Shear Stress Check. 

V = 253 kips (table 7«2l) 

Multiply by 1.75 in accordance with paragraph 6-09 

v _ JL - 2 §3 & pO°(l-Jil = 18,200 psi 
v - dF 38.84(0.625 r 
w 

Allowable v = 21,000 psi; OK (par. 4-05c) 

c. Check Proportions of 36 VF 150 for local Buckling^ 

b/t f = II.972/O.94 = 12.7 < 0K 

a/t = 33-98/0.625 = 54.3 > 30; NO 

Longitudinal stiffeners are required (pax. 4 06d) 
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Table 7.21. Determination of Maximum Deflection and Dynamic Reactions for Roof Girder 


t 

(sec) 

P 

n 

(kips) 

R 

n 

(kips) 

P - R 
n n 

( kips ) 

y n ( At.) 2 
(ft) 



0 

0 

0 

0.6 

0.000004 

0 


0.0015 

4 

0.2 

3.8 

0.000023 

0.000004 


0.0030 

12 

1.9 

10.1 

0.000061 

0.000031 


0.0045 

26 

7 

19 

0.000114 

0.000119 


0.0060 

54 

19 

35 

0.000210 

0.000321 


0.0075 

84 

44 

4o 

0.000240 

0.000733 


0.0090 

136 

84 

52 

0.000313 

0.001385 


0.0105 

180 

142 

38 

0.000228 

0.002350 


0.0120 

232 

214 

18 

0.000108 

0.003543 


0.0135 

268 

293 

-25 

-0.000150 

0.004844 


0.0150 

294 

362 

-68 

-0. 000409 

0.005995 


O.OI65 

328 

407 

-79 

-0.000475 

0.006737 


0.0180 

340 

423 

-83 

-0.000499 

0.007004 


0.0195 

352 

4l4 

-62 

-0.000373 

0.006862 

253 max 

0.0210 

360 

383 

-23 

-0.000138 

0.006347 

0.0225 

366 

344 

+22 

+0.000132 

0.005694 


0.0240 

372 

312 

60 

0.000361 

0.005173 


0.0255 

370 

303 

67 

0. 000403 

0.005013 


0.0270 

366 

317 

49 

0.000294 

0.005256 


0.0285 

352 

350 

2 

0.000012 

0.005793 


0.0300 

330 

383 

-53 

-0.000319 

0.006342 


0.0315 

0.0330 

312 

397 

-85 

-0.000511 

0.006572 

0.006291 



t g = 5/8 = 0.625 

h/t = 8; b = 6t = 6(5/8) = 3.75 in. 

B b fa o I 

Use 2 longitudinal stiffeners, 2 plates 
5/8 in. by 3-3/4 in. - full length J 

■ c/t w = (11.9 - 0.94)/0.625 I 

= 17.5 < 22; OK 

e/t = (23.32 -> 0.94)/0.625 = 35.6 <40; OK I 

W '1 

Weight of added stiffener plates = 15*9 I 

L 
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7-36 FXNA.L DESIGN OF COUJMN. The column design was begun in p ar agraph 
7-34. The final steps in the column design are illustrated by this para- 
graph. The steps which follow all lead to the determination of the lateral 
deflection of the top of the columns by a numerical integration. In the 
preliminary design of the column (par. 7-34) some of the factors which af- 
fect the maximum deflection of the column are neglected to simplify the 
computations. These factors which, are now considered are: the variation 
of plastic hinge moment with direct stress, the variation of column re- 
sistance with lateral deflection, the effect of girder flexibility on the 
stiffness of the columns, the difference between the loan on the wall slab 
and the dynamic reactions from the wall which sire vised as the lateral de- 
sign load for the frame columns. 

For all pertinent dimensions refer to paragraph 7-34. 
a. Mass Computation, (par. 7-34b) 

Walls =73-5 kips, roof slab = 57*3 kips, purlins = 7.2 kips 
Columns = ^ = 4.2 kips 


Girders = 


=7.9 kips 


Connections = 0.l(7-2 +7*9) = !• 5 kips 

Single-degree-of-freedom mass = total roof + 1/3 (columns + walls) 

_ 37.3 + 7-2 + 7.9 + 1.9 +0.33(73.9 + 4.2) 29A 

32.2 32.2 

= 3.1 kip-sec /ft 

b. Column Properties. 

12 ¥^120, I = 1071.7 in. 1 *, S = 163.4 in. 3 , Z = 186.0 in. 3 , 

0.5(S + Z) = 174.7 in. 3 , A = 33.31 in. 2 , b = 12.32 in., 

t_ = 1.106 in., a = 10.91 in., t = 0.71 in., d = 13.12 in., 
i w 

r =3.13 in. 

c. Column Interaction Design Data. The plastic hinge moment, plastic 
axial load, the values of and P^ are computed below from the column 
properties . 

M_ = f (S + Z)0.5 = (174.7) = 606 kip-ft (eq. 4.2) 


F_ « f . A = 41.6(35.31) = 1470 kips (eq. 4.7) 
P dy 
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_ ya*/+ t w d g /g - 2t v t f 2 ) 


(eq 4.12) 


~ 13.12 C 2 ( 12 * 32 )(i.io 6 ) 2 + 0.5(0. 71)13. 12 2 - 2 ( 0 . 71 <)(l.io 6 ) 2 ] 

= 288 kips 

= f dy - t f ) 3 + bt f (3d 2 - 6dt f + 4t f 2 )*] 


(eq 4.11) 


|Tl2T{4(0-7l)(5.46) 3 


I 2 . 32 (l.i 06 )[ 3 (i 3 .i 2) 2 - 6(13. 12) (1.106 ) + 4(i.io6) 2 ]| = 555 kip-ft 


For P D > P l 




1470 - V 


555 = 690 - 0.469P (eq 4.13) 


For P D < P i 


“d “p - (Mp - M 1 ) = 606 - - ^33^ P = 606 - 0.177P (eq 4.l4) 


d> — - 6Ct of Girder Flexibility. The relative flexibility of the 
girders reduces the spring constant k in the elastic range from the value 
obtained in paragraph 7-34 for the assumption of infinitely stiff girders 
(par. 7-08). (See par. 7-23d. ) To obtain this revised value of k a 
simple side sway analysis of the frame is performed. From the sidesway 
analysis the spring constant is the magnitude of the lateral force re- 
quired to cause a unit displacement. 

In figure 7.55 (page 145) the initial spring constant is applicable 
only up to the formation of the first hinge. However, to simplify the de- 
sign procedure, this value is assumed to hold up to the plastic resistance 

R . 

m 

In the sidesway analysis (fig. 7.53) the frame dimensions are based 
on the centerline dimensions of the girders and columns. The lateral de- 
flection for which the F.E.M. at top and bottom of each column is 1000 
kip-ft is 

x = (F.E.M. )h 2 /6EI 
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Figure 7.53. Sidesuiay frame analysis by moment distribution 


_ (iooo)(io.17) 2 i44 = 0>0?7 ft 
' 6(30)103(1071.7) 

H _?M _ 2(863 + 957 + 931 + 9781 = 73 h ki 
K " h “ 10.17 

k = ! = cw? • 9 540 kips / ft 


e. 


Loading . Both, horizontal and vertical loads are considered# The 
lateral load for the numerical integration F n (table 7.22, page ikk) is ob- 
tained from the V n dynamic reaction column of the numerical integration 
analysis of the front wall slabs in paragraph 7“31 (table 7*1 6). The dy- 
namic reaction values for a 1-ft width are multiplied by 18, the width of 
one bay of the building. After the dynamic reactions of the front wall 
slab have decreased to the level of the applied load (at t = 0.018 sec) the 
F^ values are taken from the net lateral overpressure curve (fig. 7*^3)* 


For P , in psi 
net 


_ 144(18)6^8 f = 16. op ki 
% _ 1000 net net K1 -Ps 


These data are plotted in figure 7*54 to give the frame lateral design load 
for the second, column of table 7*22. Hie dimension 6.18 is equal to one- 
half the clear height of the wall plus the roof slat thickness. 


+ 0.35 = 6-18 ft 

thk* total vertical load P n in table 7*22 is obtained by multiplying 
the average roof overpressure (fig. 7-44) by [54( 18)144] / 1000 = 140 and 

l4l 
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Time, t (sec) 


Figure 7.54. Frame design lateral load 

adding to that the dead weight of the roof system 57.3 + 7.2 + 7.9 + 1.5 
= 73*9 kips. The average roof overpressure is used because in the numeri- 
cal analysis ehly the average column load is needed. This procedure neg- 
lects the dynamic effect of the roof slab, purlins, and girder on the 
vertical blast loads. 
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f . Confutation of Deflection of Frame by Numerical Integration. 

(See table 7.22.) 'Qie (P ) q values are the average axial column loads ob- 
tained by divi ding the total vertical load P n by the number of columns. 

TPht* (p ) values sure used to determine the corresponding values of (M_ ) by 
the relationships of paragraph 7- 36c. From the value of (M^ the maximum 
resistance is obtained by the relation 
2n(Mjj) n 2(4)(M D ) n 

- — Of - - O-^'Vn Tx 

c . m . n n 

R is equal to kx = 9540x in the elastic range. The expression 
n n n ^ c 

indicates the decrease in resistance corresponding to the increase in 
bending moment resulting from the eccentric loading. 

The basic equation for the numerical integration in table 7.22 is 


n + 1 


x (At) 2 + 2x - x (table 5-3) 
nr n n - x 


“d 

K’Ld ‘ 

P D 

K"Ll 

“p 

100bt f 

+ P 

1 P 

_15rJ 


= 1.29(10- 6 ) [ F n' R n + ^f] ft 

Tb check the slenderness criteria (par. 4- 08) the following equation is 
evaluated for each time interval 

^ neiLl. ^ feil (eo.io) 

Up [l00bt f J Pp [_15rJ 

K’ = 0.14 (table 4.l), K" = 0.50 (table 4.2) 

L = 8.67 ft (clear height), b = 12.32 in., r = 3*13 in * 
t f = 1.106 in., d = 13.12 in. 

,M D T ^O.l4)(8. 67 )l 2 (l 3 . 12)1 . P D fo. 50 ( 8 . 67 ) 12, 1 

Mj [ 100 ( 12 . 32 ) 1.16 8 J + P p 15 ( 3 . 13 ) J 

M,. P D 

(o.i4o) -2 + (1.11) ^ 41 

The time interval At = 0.002 sec used in table 7-22 is based on the natural 
period T n = 2nyf^k. = 6.28^3.1/9540 = 0.113 sec. 

At » = ^13 = 0.0113 (par. 5-08) 

The analysis in table 7.22 shows that the maximum deflection 


O 

• ' 
O 

[8.67 ] 

12 

L 151 

[3.13; 

1 


(1.11) vr £1 

r P 
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) = 0.056 exceeds the limiting elastic 

' n ; max 


R 


m 

deflection x g = 


500 


= 0.053. This small 


'e 954-u 9540 

amount of plastic action is considered acceptable 
for purposes of this example. At t = 0.04 sec the 
slenderness criteria equation 

5 

Mj, ' — ' Pp 

= 0 . 364 <1.0, • • OK 

g. Shear Stress Check. 

(■o ) = 505 kips (table 7-22) 

' m'max 



0.140 ^ + 1.11 jr = °'l 4 IS + 1,11 1476 


R m = 0.922 M d 


|^- Maximum Deflection 

| ki | k, = 9540 kips/ft 

x e = Rm — ft 
9540 


Deflection, x(ft) 

Figure 7.55. Frame 

resistance diagram 


v = 505/4 =126.0 kips 
max 


v = 


dt 


v 


126,000 — 13 400 psi 

- (13.12)0.71 


Allowable v = 21,000 psi; OK (par. 4-05e) 


TOTMERICAL EXAMPLE, DESIGN OF A ONE-STORY REINFORCED -CONCRETE 

frame building, plastic deformation permitted 

7-R7 GENERAL. This numerical example presents the design of the important 
e lements _ of~"one bay of a windowless one-story, reinforced-concrete frame 
building. Included are the design of the vail slab, roof slab, roof girder, 
and columns. The foundation design is not included because that desrgn 

procedure is illustrated by paragraph 7-27* 

in this example all elements with the exception of the girder are 

permitted to deform plastically. The reason for designing the girder in 

P • in paragraph 7-11. The limiting deflections 

the elastic range is covered m paxagrap ( 

are established on the basis of paragraph 6-26. 

The structure consists of reinforced-concrete wall slabs Spann ng 

vertically with one-way reinforcement. ®e wall slab is -PPorted at the 

bottom hy the foundation and at the top hy the roof slab. The roo 

is also a one-way slab spanning eontinuously over tbe 

frames. The roof girders are tee beams formed by the roof slab and^ ectan, 
gular girder stems. The columns are rectangular tied columns eymme 
reinforced in the strong direction. 
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r= 



M 

- — f 





7 

5 © ' 

I8'“0" = 90' 



Plan 

Figure 7.56. Plan and section of reinforced-concrete building 

7-38 The design procedure illustrated * this exan^le 

' e ! S “ ^ the ^ aS the procedure ^tailed in paragraph 7-18 for the 
s ic es gn of a steel frame building with reinforced-concrete walls and 

x OOI • 

7-39 in this example only the con5>leted 0verpress)lre 

carves axe presented, me computation of the overpressure wiation is ex- 

plained, in detail in EM 1110- In q or . n » . 

3 md illustrated again in paragraph 

7-19. me design overpressure of 10 psi is selected arbitrarily. 

Ihe overpressure vs time curves that are presented are: 

(1) Incident overpressure vs time (fig. 7.57) 

(2) Front face overpressure vs time (fig. 7.58) 

(3) Rear face overpressure vs time (fig. 7.59) 

(4) Net lateral overpressure vs time (fig. 7.60) 

(5) Average roof overpressure vs time (fig. 7.61) 
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T = 0.38 
Time, t (sec) 

igure 7.57 . Incident overpressure vs time curve 
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igure 7.61 . Average roof overpressure vs time curve 
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— WAIj 4 SLAB. The wall slab is designed as a reinforced con- 
crete beam one foot in width fixed at the foundation and pinned at the roof 

where it is framed into a thin slab. The 
wall slab is designed for plastic action 
so that a plastic hinge will be developed 
first at the foundation and then at mid- 
span when the slab is subjected to the de- 
sign loading. The clear height of the 
slab is considered the design span length. 

The preliminary design procedure 
for plastic design is described and il- 
lustrated by an example in paragraph 6-11. 
The dead load stresses are neglected for a vertical wall slab. 

a * Pgsign loading-. The design load as idealized from the computed 
loading shown by figure 7.58 is defined by: 

B - 25-3(144)15.83 „ _ 

" 1000 = 57>T kl P s 

T = 0.062 sec 
w _ BT (57.7)0.062 

H ~ 2 “ A 2 = 1,7 9 kip-sec (par. 6-11 ) 

13 • Byramic Design Factors. (Refer to table 6.1.) 

Elastic range: 



= O.58, 

E lm “ L * 

V 1 = 0.26R + 0.12P, 

Elasto -plastic range: 

K l = 0.64, 

R m = L ^s + 

V = O.39R + 0.11P 


= °^5> 

k - l8 5EI 
1_ L 3 

v 2 = 0.43R + 0.I9P 


= 0 . 50 , 

k = 384 ei 
' ep_ 5L 3 


^ - °- 78 


Kffl = °- 78 
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Plastic range: 

^ = 0.50, ^ = 0.33, 

= 1 <»p s + 

V = O.38R + 0.12P 
Average values: 

TT (0.64 + 0.50) A ITV 


^ = 0.57 

^ , (0-50*0,221 , 0.42 

\ ' I <«Pe + <***> 

Xj 

c. First Trial - Actual Properties. 

^ «Ps - M Pm - “p 

Assume p = 0.015 (par. 4-10) 

Let ap = 5 (par. 6-26) 

Assume C R = 0.75 (experience) 

R = CpB = 0.75(57.7) = 43.3 kips 
m K 


= 0.66 


(eq. 4.l6) 


Mp = pf^td 


M 2 L _ p f \ 

& V 1 i-7fi 0 ) 

015(52)(l)d 2 [l - " °- 68842 ktp ' ft (i 111 lnche * ) 


R = —r 
m L 


(I2)0.688d 2 


13783 


= 43.3, .'. d = 9.11 in. 


Try li ^ 10.5 in., d = 9-25 in., P = 0.015, np = 0.15 

M— = 0.688(9.25 ) 2 =58.9 kip-ft 

1 . . . . ■ i 

„ 12(58^,44.6^ 


R = ST 

m L 


15.83 


a25"i ,05 


I = bh 3 /l2 = (10.5) 3 = 1158 in. 1 


No. 8 Cover 
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I t = bd 3 j-y + np(l - k ) 2 J = 12(d) 3 j^ ly 2 ^ + 0.15(1 - 0 . 42 ) 2 j 

= 0.905d 3 = 0. 905(9. 25) 3 = 716 in. 1 *' 

I a = 0.5(l g + I t ) = 0.5(1158 + 716) = 937 in. 4 


> .^, 0*0)3(10)3937 , 787 kips/ft 
^ L 3 11*(15.83 ) 3 

y E = ^ = = °-° 567 ft 

y m = op = 5(0.0567) = 0.2835 ft (par. 6-26) 


E 


Weight = 


10.5(150)15.83 
(' 12)1000 


= 2.078 kips 


Mass m = 


2.078 

32.2 


= 0.0645 kip- sec /ft 


d. First Trial - Equivalent System Properties. 

R me = ^L R m = °-57(44.6) = 25.4 kips (eq 6.12) 

H e = KjH - 0.57(1.79) = 1.02 kip-sec (eq 6.8) 

m e ^ V 1 = 0.42(0.0645) = 0.0271 kip-sec 2 /ft (eq 6.2) 



( 1 . 02) 2 

2m e = 2(0.0271) 


19.20 ft-kips (eq 6* 10) 



= 6.28^0.78(0.0645 )/787 = 0.050 sec 


(eq 6.l4) 


e. First Trial - Work Done vs Energy Absorption Capacity. 


C T = T / T n = °* 062/0. 050 = 1.24 

C R = V B = ^-6/57.7 = 0.77 (eqs 6.15, 6.16) 

t JT = 0.71 (fig. 5.29) 


t m = (0.71)0.062 = 0.044 sec 

ine idealized load-time variation is considered to be a satisfactory 
approximation to the actual front face overpressure curve (fig. 7-58) up 
to t m = 0.044 sec (par. 5-13)* 
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C„ = 0.31 (fig. 5 . 27 ) 


— 

w = C w W p = 0.31(19.20) = 5-95 ft -kips (eq.6.17) 

E m = R me (y m - o. 5 y E ) = 25-4 [0.2835 - 0.5(0.0567)] 

= 6.48 ft-kips (eq.6.18) 

E > W, therefore the selected proportions are satisfactory as a pre- 
liminary design. 

A 10 - in. slab was tried and found to be unsatisfactory. 

Use 10 . 5 -in. slab. 

f , Preliminary Design fo r Bond Stress^ It is now necessary 

select tbe reinforcing steel for the critical 
cross sections. At tbe fixed end of the wall 
tbe cover requirement results in a smaller 
value of d = 8.0 in. than at midspan, d = 9« 2 5 
in. To achieve approximately the same p at 
both critical cross sections several values of 
p are investigated to obtained the value of P 
for which. 

8M Bn + 4 M P: 

12 


No. 8 ot 5* | Cower 


>9.25“ 


10.5' 


125“ 


Midspan and Pinned End 



Fixed End 


= Mp = 58.9 kip-ft 
A plot of equation ( 4 .l 6 ) simplifies this compu 

p as 0 . 017 * 

At the fixed end 

n rr = 0 5 ( 44 . 6 ) = 22.3 kips 

Estimated - °* ^ 

„ n c^t _ 0 15(3000) = 450 psi 

Allowable u = 0 . 15 % - u * 


From such a plot 


So = 


ujd 
— pbd 


8 ( 22 , 300 ) =7.1 in. 

- 7(450 )0.0 { 

= 0 . 017 ( 1 ^) 8.0 = in * 


Try #6 at 5 i»., * s ■ 1 - 9 ° ^ “ * 7-5 ^ 

p = MffT * °' 0198 

At the -pinned end 

, /op = = 14.9 kips 

Estimated V maX - 1/3% 3 
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V 8(14,900) , . 

20 ” ujd " 450(7)9.25 " 4,1 in * 

A g = pbd = 0.017(12)9.25 = I.89 in. 2 

■Ery #8 at 5 in., A g = 1.9 in. 2 . So = 7-5 in. 

P = ToYn ' 9 oc T = 0.0171 


€• Determination of Maximum Deflection and Dynamic Reactions by 
Numerical Integration. 


“pm " pf ay bd2 [ x - - 0 . 0171 ( 52 )( 1 )( 9 . 25) 2 Tl . 

= 66.0 kip-ft (eq. 4.l6) 

Mp g = 0.0198(52) (i)(8.o) 2 [l - = 56.0 kip _ ft 

I = bh 3 / 12 = (10.5 ) 3 = 1158 in. 4 

It = bd3 [y + np(i - k) 2 J = 12(9.25 ) 3 + 0.171(1 - 0.44 f 


I t =bd 


= 775 in. 

I a = 0.5(l g + I t ) = 0.5(1158 + 775) = 967 in. 1 
Weight = ~~~ i2( ' ldod)* 83 = 2 *078 kips 
Mass m = ■ = 0.0645 kip-sec 2 /ft 


Elastic range: 

= 41421 = 28.2 


V - jg2g 
k i-— r 


15.83 


144(15.83 ) : 


930 kips/ft 


^e=-^ = %i = 0*0304 ft 
Elasto -plastic range: 


4 fops + 2M Pm) 4[56.0 + 2(66.0)] 


■n as? xiu • vj ■+• 

* " L “ 15.83 


47.5 kips 


, 384EI 384 , . 

k ep = “^3“ “ 5(185) k l = 386 kips/ft 
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y ep - y e - - V p | lja - q - 0304 - — - jjg 28 ' 2 = 0- 


080 ft 


Plastic range: 

R m = 47.5 kips 

By providing equal areas under the "effective resistance" Unp and 
the computed elasto -plastic resistance line, Yg = 0.0641 ft (fig. 7.62). 

Maximum Deflection y m *5y E 


kg = R/y-g = 47.5 /o.o64i = 74o kips/ft 

T n = 2»W »)Ae 

, 6.28 V 0 ' 78 ^ 0645 ' - 0.0517 


sec 


y m = ap y E = 5(0.064l) = 0.3205 ft 
The basic equation for the numerical 



R m = 47.5 


£?k 

'I'Vwze.a 


k, =930 kips/ft 
k E = 740 kips/ft 
k ep s 386 kips/ft 
y e * 0.0304 ft 
y E = 0.0641 ft 
y ep a 0.080 ft 


integration in table 7*23 is y 


n + 1 


= y n (At) + 2y n - y n _ 1 (table 5.3) where 


yE y ep 

Deflection, y (ft ) 


V 


2 P n " V At) ‘ 
y n (At) 2 - 11 n 




Figure 7.62 . Resistance function for 
10-1/ 2-in. slab spanning 15.83 ft, 
fixed at one end and pinned 
at the other 


Table 7.23. Determination of Maximum Deflection and Dynamic Reactions for Front Wall Slab 


t 

( sec) 

p 

n 

(kips) 

R 

n 

(kips) 

P -R 
n n 

(kips) 

y n ( At ) 2 
(ft) 

y n 

(ft) 

V ln 

(kips) 

V 2n 

(kips) 

0 

57.7 

0 

28.8 

0.0143 

0 

6.9 

11.0 

0.005 

53.0 

13.3 

39.7 

0.0197 

0.0143 

9.8 

15.8 

0.010 

48.3 

35.1 

13.2 

0.00656 

0.0483 

19.0 

19.0 

0.015 

43.7 

47.5 

- 3.8 

-0.00223 

0.0888 

23.2 

23.2 

0.020 

39.1 

47.5 

- 8.4 

-0.00493 

0.1271 

22.7 

22.7 

0.025 

34.3 

47.5 

-13.2 

-0.00775 

0.1605 

22.1 

22.1 

0.030 

29.7 

47.5 

-17.8 

-0.01045 

0.1862 

21.6 

21.6 

0.035 

26.4 

47.5 

-21.1 

-0.01239 

0.2015^ 

21.2 

21.2 

o.o4o 

25.3 

47.5 

-22.2 

-0.01303 

0.2044* 

21.2 

21.2 

0.045 

24.2 

38.1 



0.1943 

12.8 

18.5 


*(v ) a 0*20 ft. 
vo n y max * 


i 
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2 ( p n “ R n ) 2 5( 10 )"^ 

y “ (At) " ~0.7i)(o. 0845) ‘ '».97(10)-\p n - H n ) ft, elastic range 


l2 (P n - *L )25(10)‘ 


v {a+\ 2 _ n n 

V At ' - 0 .75(0" 


y n (At) 


,2 < r „ - V^do)' 

~ ’ 0.66(0.0645) 


~ 97(10) (P Q - R^) ft, elasto -plastic 

range 

= 5.87(10) ^(P^ _ r^) ft, plastic range 


(par. lnterval At - °-°°5 la approximately T n /lO . 0.00517 sec 

lie dynamic reaction equations are listed in paragraph 7-tob. Tbe P 

144(15.83 J/1000 , 2.28° 0lU " m aI ' e ° fctalne<1 fr ° m f±gUre 7 ' 58j " Ultipl7lnB by 
». maxima deflection (y^, computed ln ^ ^ ±£ , ^ 

1C is less than the allowable y^ of 0.3205 ft. Thus 

= §:§205 (5) = 3.2; OK 

Ssy and Bond Strength, For bottom of vail (fixed end of 
idealized slab): 

V max = 23-0 kips (table 7.23) 

For no shear reinforcement, allowable v = 0.04f ' + 5 000p (eg 4.24) 
v y - 0.04(3000) + 5000(0.0171) . 120 + 85 , 205 pel 
, r 8v _ 8(23,200) 

7bd ~ 7(12)8. 0^ = 274 P si 

Shear reinforcement required for 274 - 205 = 69 psi 

Contribution of shear reinforcement to allowable shear stress = rf 

69 y 

r = 50 ^ 00 .= °- 0017 

toy 1 #3, A = 0.11 in. 2 

S 

_ _ JB _ 0.11 

bs 10(s) ~ 0*0017; .. s = 6.5 in., use s = 6 in. 

For top of vail (pinned end of idealized slab) 

V max = 23,2 (table 7.23) 


v y = 205 psi 
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V = 


8v 

7bd 


- KifS - <*0 p Sl 


Shear reinforcement required 
for 240 - 205 = 35 psi 

r = 35/40,000 = 0.00088 

Try 1 #2, A = 0.05 in. 2 
s 

r = bf = 15(57 = °* ooo88; 

s = 5.7 in., use s = 5 in. 


Bond: 


Constr. Jt 



2 No. 2 Stir, at 14" 
at 5"Along Wall 
Staggered 


Na 8 at 10- 


Allowable u = 0.15f ' =0.15(3000) 

= 450 psi 

_ V _ 8(23,000) _ „ , 

20 “ ujd “ 7(^50X8.0) " 7,3 in ‘ 

Use #8 at 5 in. , 

So = 7.5 in., A g •= 1.9 in. 2 

i ‘ Summar y- 10-1/2-in. slab (see sketch above) 
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Corner Dowels 
No. 8 ot 10" 


15*- 10" 


^f>4NQ ; 3 Stir, at 12" 
at IO"along Wall 
Alternating With 
3 No. 3 Stir, at 12" 
at IO"along Wall 
Staggered as Shown 
I — i-Tj" 

4* . —II -I 

Dowels 


Note: Wall Steel to Have ^ Cover Inside 
2 Cover Outside 
Foundation Steel Not Shown 
Roof Slab Steel Not Shown 


7-4l DESIGN OF ROOF SIAB. The roof is formed by a one-way slab spanning 
continuously over the frame bents spaced at 18 ft. This manu al Is limi ted 
to consideration of single-span 
elements. To account for the con- 
tinuity of the slab it is designed 
as a fixed-end beam of lB-ft span. 

Since plastic behavior is desired 
the design procedure of paragraph 
6-11 is followed. The permissible 
deflection is established in ac- 
cordance with paragraph 6-26 and 
the static loads are allowed for by reducing the resistance. 

a. Design Loading. The roof slab spanning between frames in a long 
building has different design conditions from the roof framing over purlins 
in a similar building (par. 7-22). 
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For the blast wave moving parallel to the long axis of the building 
the overpressure variation with time at all ^ints is the same. However 

for any slab element the overpressure along the span varies with time as’a 
result of the lag time 

t _ _ . length of slab 18 

lag velocity of blast wave - U03 = °* 012 8 sec 

For this case the average slab loading is determined by introducing 

the rise time equal to t^ as indicated in figure 7.63 to the incident 
overpressure* 

For the blast wave moving perpendicular to the long axis of the 
building the overpressure variation with time at all points is different as 
a result of vortex action. However, at any slab element the overpressure- 
time variation may be treated as constant across the span. If the response 
is rapid, i.e., before the vortex action takes place, the slab element is 
subjected to the incident overpressure uniformly distributed. 

In this example the preliminary design loading for the roof slab is 
the incident overpressure. For checking the preliminary design both direc- 
tions of loading are considered and two numerical integrations are pre- 
sented (tables 7.24 and 7.25, page 167). 

The design load as idealized from the computed loading shown by 
k b* 25 . 9 kips figure 7.57 is defined by: 


T =0.38 sec 
Time (sec) 


B = 10 psi = 
T = O.38 sec 

H = ^25. 


Elastic range: 

\ = 0.53, 

R Im = ^ S A, 

v = 0.36R + o.i4p 
Elasto -plastic range: 

\ = 0.64, 

" I (“ps + V- 


I'm = 0.41, 

k _ 384EI 
k l-— 


Km = °*50, 
5 = 384EI 

ep ~ 5L3 
160 


^ = 25.9 kips 

=4.92 kip-sec (par. 6-11 ) 
factors. (Refer to table 6.1.) 


^ = °*77 


Kim - °-78 



(jsd) s d ‘ajnssajd j9aq qofs jooy 9 &dj9av 
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Plastic range: 

= 0.50, 

8 


= °* 33 ' 


\=L^s + V 

V = O.38R + 0.12P 
Average values: 

= 0.5(0.64 + 0.50) = 0.57 

= 0.5(0.50 + 0.33) = 0.42 

= 0.5(0.78 + 0.77) = 0.77 

\-i< m pb + V 

kg = 307EI/L 3 

c. First Trial - Actual Properties. 

W “ps " ^ = “p 

Assume p = 0.015 (pax. 4-10) 

Let ap = 5 (par. 6-26) 

Assume C R = 1.0 (experience) 


R m = C R B = 1-0^25-9) = 25.9 kips 


hx * °- 66 


, „ v (e^.16) 

' P V d i 1 ' 1-7^J 

= 0 . 015 ( 52 )(l)d 2 [l - °i°^ 3 %) ] » 0.688d 2 kip-ft (d in inches) 


Mp = Pf^bd' 


:i6)0.688d c 


= 25** 9> d = 6. 5 in. 

Try h » 8 in., d = 6.75 in., p = 0.015 


- J 


Iv.j •« * 

^6.75" 

Ha 

- 

8.d‘ 

1 / fY 1 



jU.75" 8 m( f Mp = 0.688(6.75) = 31.4 kip-i 




I = bh 3 /l2 = (8.0) 3 = 511 ind 
I t = bd 3 [-y + np(l - k) 2 ] = 12(d) 3 

= 0.905d 3 = 0.905(6.75 ) 3 = 278 in.^ 


,15(1 - 0.42) 2 ] 
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I = 0.5(1 + I + ) = 0.5(511 + 278) = 394 in. 4 


g 


. = 30^1 = i30l ) _ 3Ciq) . 3 39^ . ^ ^ 
15 It (I8) 3 l44 


R 


= ^ = ffe 2 - 0-0645 ft 


7 E kg 532 


y m = Op y v = 5(0.0645) = 0.3225 ft (par. 6-26) 


Weight =p£jfp + 6] —55 = 1.91 -kips 

Mass m = = 0.0591 kip-sec 2 /ft 

3 <=-•*- 


d. First IPrial - Equivalent System Properties. 

R me = ¥m = 0.57(27-9) = 15-9 kips (eq 6.12) 

H - KjH » 0.57(4.92) = 2.8 kip-sec (eq 6.2) 

m e = -V 1 = °- 1+2 (0-059l) = 0.0248 kip-sec 2 /ft (eq 6.2) 


(H e Y 

u - S 

P " 2m 


2 

= 2 [oV0248) = 158 ft " kl P s ( ec l 6 - 10 ) 


T n “ = 6.28y 0.77(0. 0591)7432 . 0.0645 sec 

e« Work Done vs Energy Absorption Capacity. 


C T = T/T n = 0.38/0.0645 =5-9 

= R JB = 27.9/25.9 = 1-08 (eqs 6.15, 6.l6) 

JK ID. 

tjT = 0.17 (fig. 5.29) 
t = (0.17)0.38 = 0.0646 sec 

Idealized load-time curve is satisfactory at t = 0.0646 sec (par. 
C w = 0.02 (fig. 5.27) 

W m = C w W p = 0.02(158) = 3-16 ft-kips (eq 6.17 ) 
e = R (y m - o.5yJ = 15.9 [0.3225 - 0.5(0.0645)] 

me m Hi 


5-13) 


= 4.62 ft-kips (eq 6.18) 

E > W, therefore the selected proportions are satisfactory as a pre- 
liminary design. 
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Try to reduce slab to bring E closer to W . 
f • Second Trial - Actual Properties. 

m ^ y m " °’ 5y E^ (O.57) [0.3225 - 0.5(0.0645)] 

" - 3 - <l6)0.688d g _ ... d , 6 . 6ln . 


= 26.6 kips (eq 6.I9) 


R = — 
m L 


nr — — 

A • ■ • j 

L 6.5“ 

[ J 


r.- > , 

L - ' « i 

7.75“ 

i • -tn* • u 

1 1-25“ 


1 / n 

No. 8 

rv . 1 

J Cover 



■Ery h = 7-75 in., d = 6.50 in v p = 0.015 

m /-> ^OOji2 „ /'a at/' 1 — \2 


= = 16(29.1) _ 


=25.9 kips 


I g = “^2 = (T-75) 3 = 465 in.** 

I t = 0.905d 3 = 0. 905(6. 50) 3 = 248 inA (k = 0.42) 
I a = 0.5(l g + I t ) = 0.5(465 + 248) = 356 in. 4 

iOTEi , l awyte . 391 klps/ft 

11 L 3 (i8) 3 i44 


y E = ^ = %1 = °‘° 66 ft 

y m = Op y E = 5(0.066) = 0.330 ft (par. 6-26) 

Weight . p-’gf’? ♦ 6.0] ^ = 1.86 kips 

Mass m = = 0.0575 kip-sec 2 /ft 

g. Second Trial - Equivalent System Properties. 

\e = = °*57(25.9) = 14.75 kips (eq 6.12) 

H g = Kj^H = 0.57(4.92) = 2.8 kip-sec (eq 6.2) 

m e = ^ = °* 1| - 2 ( 0 * 0*575) = 0.0242 kip-sec 2 /ft (eq 6.2) 

( H e )2 (2 8) 2 

W P = UrT - = 2(0.024"2 ) = 162 ft " ki P s ( e 9 6.10) 


T n - 2«, 


= 6.28^/0.77(0.0575)/ 391 = 0.0667 sec 
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Done vs Energy Absorption Capacity. 

C T = T / T n = °* 38/0.0667 =5-7 ~~ 

C R = R n/® = 2 5*9/25*9 = 1.0 (eqs 6. 15, 6.l6) 

t/ T = 0.24 (fig. 5.29) 
t ffl = (0.24)0.38 = 0.091 sec 

Idealized load-time curve is satisfactory at time t = O.O91 
(par. 5-13) 

C w = 0.028 (fig. 5.27) 

W m = C W W P = 0.028(162) = 4.55 ft-kips (eq 6.17) 

E = R me (y m - 0.5y E ) = 14.75 [0.330 - 0.5(0.066)] 

= 4.38 ft-kips (eq 6.18) 

E * w > therefore the selected proportions are satisfactory as a pre 
ldminary design. 

i. Preliminary Design for Bond Stress. 


Estimated = 0.5R m = 0.5(25.9) = 12. 9 kips 

Allowable u = 0.15^ = 0.15(3000) = 450 psi (par. 4-09) 


/Zo 


V 8(12,900) 
ujd 450(7)6.5 


5-04 in. 


Try #7 at 6 in., A g = 1.2 in. 2 , Ib = 5-5 in., p 
np = 10(0.0152) = 0.152, h = 7.75 in., d = 6.56 


A 

s 

bd 


1.2 


a5{5357 = a0152 


m. 


3 • Determination of Maximum Deflection and Dynamic Reactions by 

Numerical Integration, 


Mp = Pf dy bd 



pf 


dy 


■ 7f <ic 


= 0. 0152(52 )(i) (6. 56)' 


(0.0152)52 
1.7(3. 9) 


= 30.4 kip-ft (eq 4.l6) 


Ig = th 3 /l2 = (7-75 ) 3 = 465 in. 4 

I t = bd 3 ^ + np(l - k) 2 ] = 0.905(d 3 ) = 0.0905(6. 56) 3 = 256 in. 4 

I a = 0.5(I g + I t ) = 0.5(465 + 256) = 360 in. 4 
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7-41,5 


♦«],&. 1.06 

Mass m = = 0.0575 kip-sec 2 /ft 


Elastic range: 


= — r— - weight = — — - 1.86 = 18.3 kips 


lm “ L 
384EI 


I8 3 (i44) 


= 480 kips/ft 


y e = ” T5o ” 0,038:L ft 

Elasto -plastic range: 


= — - weight = -- - - Offi' -- ) _ 1.86 _ 25.1 kips 


k e P = = 5 k l = 96 kips / ft 


R - R 
in 

y ep = y e + “T— 
ep 

Maximum Deflection = 5y E 


1 __ 

\ — — = 0.0381 + — 18,3 = 0.0381 + 0.071= 0.109 ft 


^R m =25.l 


./A 1 1 

k, = 480 kips/ft 

kt/jV | | 

k E = 383 kips/ft 

(A 

k ep = 96 kips/ft 

// ' 

y e 5 0.0381 ft 

1 

L — 1 1 1 

y E = 0.0655ft 
y ep = 0.109 ft 

y . y E tp 


Def 

lection t y(ft) 

Figure 7.64. 

Resistance function 


for 7-3/4-in. slab spanning 
18 ft, fixed at both ends = 6 . 2dyfo. 77 ( 0. 0575 )/383 

= 0.0674 sec 

The basic equation for the numerical integrations in tables 7.24 and 

7.25 is y n + ! = y n (At) 2 + 2y n - y n _ x (table 5.3) where 


Plastic range: 

l6Mp 

R m = — jj weight = 25.1 kips 

k 307EI 307 v , A , 

\ “ 3" 355 k i = 383 kips/ ft 

L 

R 

y E = ^ = = 0.0655 ft 

y m = ap y e = 5(0.0655) = 0.3275 ft 

T n = 2 lt V K IM m / k E 
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Table 7*24* Determination of Maximum Deflection and Dynamic Reactions for Roof Slab, 
Incident Overpressure (Modified for Rise Time) 


0 

0.007 

o.oi4 

0.021 

0.028 


0.0022 


-0.0072 


0.2927* 

0.2868 


Table 7.25. Determination of Maximum Deflection and Dynamic Reactions for Roof Slab, 

Incident Overpressure (No Rise Time) 


P - R 
n n 


y n (Atr 


(sec ) 

(kips) 

(kips) 

(kips) 

(ft) 

0 

25.9 

0 

12.95 

0.01373 

0.00685 

25.4 

6.6 

18.8 

0.01993 

0.01370 

24.9 

19.2 

5-7 

0.00596 

0.02055 

24.4 

23.0 

1.4 

0.00146 

0.02740 

24.0 

25*1 

-1.1 

-0.00136 

0,03425 

23.4 

25.1 

-1.7 

-0.00211 

0.04110 

22.8 


-2.3 

-0.00285 

0.04795 

22.4 


-2.7 

-0.00335 

0.05480 

22.0 


-3.1 

-0.00384 

0.06165 

21.6 


-3.5 

-0.00434 

0.06800 

21.1 


-4.0 

-0.00496 

0.07535 

20.7 


-4.4 

-0.00545 

0.08220 

20.7 


-4.4 

-0.00545 

0.08905 

20.2 


-4.9 

-0.00607 

0.09590 

19-9 


-5.2 

-0.00644 

0.10275 

18.9 

22.6 




0 

0.01373 

0.04739 

0.08701 

0.12809 

0.16781 

0.20542 

0.24018 

0.27159 

0.29916 

0.32239 

0.34066 

0.35348 

0.36085 

0.36215* 

O.35701 


y ) 

‘•'n'inax 


0.362. 
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S' (At) 2 = (F ° I V(At) 2 _ (P n - R n ) (0.007) i 


y n (At ) 2 = 


( p n - B n )(^9)lO- 6 




- 1.107(10 3 )(P n . R n ) ft> elastic rangg 

■r3 ■ 


y n (At) 2 = 


u. 77(0. 0575; 

« /a ,,2 (P n - V^ 10 ' 6 

n = -0.7B(0.0575) - - l-°93(10-3)(P n - Rj ft, elesto-plastic 
(P„ - H n )(49)10-6 , raBSe 

" 0.66(0.0575) ' l-291(10- 3 )(P n . R n ) ft, pi astl . ra nge 

(par r;rrr iAt ■ °'°° 7 sec is v«> - «= 

(P». 5-08) tte dynamic reaction agnations are listed in paragraph 7-to 

* r 7 ' “* “ «" ^ result ing^from the 

shock wave Moving along the long axis of the building (incident over- 

™! ^ rt " «“>• »» P n ™l-s ^r the second col™ are 

Obtained from figures 7-57 and 7.63, multiplying by 1 U( 18)/1000 - 2 50 

tab^VLT 1 r tMS COnaltl ° n <y ” W ■ °' 2927 " °' 3275 - 

th h ‘ S S “ lySlS consltos loading resulting from 

e shock have moving along the short axis of the building (local roof 

overpressure vith no time of rise). The P, values for the second column 

are obtained from figure 7.57, multiplying by 2.59. The slab is critical 

or this case and in fact the maximum deflection (yj = 0.3621 > 0.3275. 

This is accepted, as a satisfactory design since 

ap = ^3621 _ 
p O.O655 “ • 3 ' 5 

is close enough to value of 5 established above. 
k ‘ Shear Strength and Bond Stress. 

V max = 12 '^ kl P s (table 7.25) 

For no shear reinforcement 
Allowable v y = 0.04f^ + 5000p (eq. 4.24) 
v y = 0.04(3000) + 5000(0.0152) = 120 + 76 = 196 psi 

a §V _ 8(12,400) 

7bd ~ 7 ( 12 X ^:557 = p 78 psi; 

„ _ JL 8(12,400) 

72od ~ 7(5.5)6^56 = 390 psi 


OK, no shear reinforcement required 
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Allowable u = 0.15^ = 0.15(3000) = 1-50 psi; OK 
1. Summary. 

7-3A -in. slab 

p = 0.0152 

2o = 5*5- in. 

No shear reinforcement 

7-42 PRELIMINARY COHJMN DESIGN. It has been found desirable to malce a 
preliminary design of the column before designing the girders because* 
column resisting moment is a factor in design of the girder (par. 7 . 1 - 1 ) 

A single-story frame subject to lateral load behaves essentially 
a single-degree-of -freedom system. In determining the requirements ±01 the 
columns which are the springs of this system it is not necessary to u:;c the 
equivalent system technique used in designing all elements. 

Using the principles of paragraph 6-11 and equations from paragraph 
7-0 6 provides a procedure for obtaining preliminary column sizes. 

In the preliminary design the girders are assumed to be infinitely 
rigid to simplify the analysis. In determining the spring constant, the 
column height is 14.75 ft from the centerline of the girder to the top of 
the footing. The resistance computation is based on the clear height 
h = 13.0 ft. 

If the first trial section is over strength or under strength it is de- 
sirable to make a second trial. In this plastic column design, since the 
adequacy of the selected section is based on a comparison of E , tlie en 
ergy absorption capacity with W^, the work done on the frame, successive 
■trials are obtained by estimating a design energy level somewhere beisween 
"the computed values of E and W f*or use in the equation 

■d _ energy 
m x 

m 

for determining the new trial R . If > E the energy level should, be 

set at W so that 
m 


However, if E > W , as in the following example, the intermediate energy 
level may he obtained as illustrated on the following page. 
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a. De sign loading, The design lateral load on the frame is obtained 

from the dynamic reactions at the top of the front .all slab. However, for 

a preliminary design it is satisfactory to use the net lateral overpressure 
curve (fig. 7.60). 

In computing the total concentrated lateral load on the frame it is 
assumed that the wall slab transmits the blast loads equally to the roof 
slab and foundation, this is generally conservative for the frame because, 

in the elastic phase, the dynamic reaction at the roof is less than that at 
the foundation (table 6.1). 

The design load as idealized from the computed 
r 562kips loading shown by figure 7.60 is defined by: 


T = 0.062sec 
Time (sec) 


B = 25.3 psi = 

= 582 kips 
T = O.062 sec 


25-3(144)18 [i^83 + 0.65J 


"b • Mass Computation, 

Roof slab r7-75(l50) _ 
L 12 


(562)0.062 

2 = 17 * 4 kip-sec (par. 6-11 ) 


1 18(44.25) 
J 1000 


- — - lUU'J 

Girder (assumed) „ 25 _ 2 


=82.0 kips 


3 columns (assumed) 42(24)13 (l50)l . 

‘ 12(12)1000 " = 13 -7 kips 

2 wall slabs —*5( 43)15. 83 (150)2 p 

12(1000) = 7^.8 kips 

Mass of single-degree-of -freedom system » total (roof + girder) + 

1/lCcolnmng + wall) - 82.0 + 25.2 + 0^33(11.7 -1.7k 0) 0 

3272 = 4.22 kip- sec /ft 

c - - First Trial - Actual Properties. 

Assume p = 0.015 (par. 4-10) 

Let Op = 6 (par. 6-26) 

Assume = O.50 (experience) 

= ( -'pB = 0.50(562) = 28l kips 

Required M Q = = ^ |j^.O) = 6l0 kip _ ft 
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Approximate average roof pressure = 6.5 psi (estimated in fig. 7.61) 

Average blast load per column = 44 t. 23 (L8 )6 . 5( l44 ) _ , „ 

3(1000) “ K1 P S 

Dead load per column = 1/3(82.0 + 25.2) = 36. 0 kips 
Average column design load = 248 + 36 = 284 kips 


**0 = W + P D 


(°- 5t ■ 


(eq. 4.32) 


Let P = P' = 0.015, d' = (t - 4.5) in., d” = 2.25 in. 
b = 12 in., A g = pbt 

Substituting into previous equation 
610(12) = 0.015(12 )t(52)(t - 4.5) + 284 


9-35t 2 - 42t + l42t - 1015 - 7320 = 0 

Solving t = 25.0 in. 

Try b = 12 in., t = 26 in. 

M - 0-0i5(l2)26(52)(26 - 4.5) J 
TD 12 + 


_°- 5t " 177 ( 12 ) 3 . 9 ] 

2.250 


23 . 75 " 


284 

12 


)■**>- T. 


21.5 


0F1, 


2 . 25 " 


Mp = 436 + 223 =659 kip-ft 
d"/d = 2.25/23.75 = 0.0948 

For p = p' = 0.015 and n = 10 
m = np + (n - l)p' =0.15+ 9(0.015) = 0.285 

q = np + (n - l)p' = 0.15 + 9(0.015)0.0948 = 0.1628 
k = 0.35 (table 11 RCDH of ACl) 


26 " 


12 


i t =bd 


> 


3 1 

T 


+ (n - l)p s 


k 2 - 2k( 


+ np(l - k)‘ 


] 


= 12(23. 75 ) 3 + 9(0.015) {(0.35) 2 - 2(0.35)(0.0948) + 

(0.0948 ) 2 } + 0.15(1 - Q.35) 2 = 13,800 in.’ 

O 1 3 - )i 


I = bt3/l2 = 26 3 = 17,576 in. 4 

I o = 0.5(I„ + I t ) = 15,700 in. 4 


g t) 7 

l^IS . 12(3)103(15,700 )3 , 3670 ^ 
ii 3 (l4.75) 3 l44 
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R — M — ^(3 )§59 _ oo4 tino 

m “ h VD ~ 13.0 “ 304 kips 

c 

X e = R n/ k = 304/3670 = O.O83 ft 

x m = x e = 6x e = 6(0.083) = 0.498 ft (par. 6-26) 

T n = 2n-\J m/k = 6.28-^4.22/3670 = 0.213 sec 

d. First Trial - Work Done vs Energy Absorption Capacity. 

T/T n = 0.062/0.213 = 0.291 
C R = V B = 304/562 = 0.54 

t m /T = 1.35 (fig. 5.29), t ffl = 1.35(0.062) = 0.084 sec 
The original load-.time curve should he revised to obtain a closer ap- 
proximation to the total impulse up to time t m . The impulse up to 

t = 0.10 sec in figure 7.60 is H = I.I67 psi-sec (obtained by graphical 
integration). 

T = 2H/B = 2(1.167 )/25.3 = O.O923 sec 
T/T n = 0.0923/0.213 = 0.437 

= 1*2 (fig* 5.29)^ t m = 1.2(0.0923) = 0.111 sec 
Try again for impulse up to t = 0.12 sec 
H = 1 . 2l4 psi-sec, T = 2 ( 1 .2 l4 ) /2 5 • 3 — O.O96 sec, T/T 
= 0.096/0.213 = 0.45 

= 1*2 (fig. 5.29), t m = 1.2(0.096) = 0 «115 sec; OK 
C w = 0.71 (fig. 5.27) 

w _ H? (BT/2) 2 (562) 2 (o.096) 2 _ 

P 2m 2m ^ 8(4.22) ~ 86.5 ft-kips 

W m = C w W p = 0.71(86.5) = 61.5 ft-kips 

E = V x m " °' 5x e ) = 304 to.498 - 0.5(0.083)] = 139 ft-kips 

Since E » w m a new trial should be made. 

e * Second Trial - Actual Properties. Since E » W , the inter- 

mediate value of energy for use in determining the second trial R is ob- 

m 

tamed as follows: 


o.5(w + e) ^ ^ 

V rn j = 0.5(61.5 + 139 . 0 ) _ 


201 kips 


2011 

[12 

1 . 0 ) 

21 

iD 

i 
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Use same column constants as above and substitute into equation (4-32) 

436(12) = 0.015(l2)t(52)(t - 4.5) + 284 fo. 5 t - 2§4_1 

I ' 1.7(12)3.9] 

9-35t - 42t + i42t - 1015 - 5240 =0 


t = 21 in., try b * 12 in., t = 20 in. 

M = 0-015(12 )20(52)(20 - 4.5) 284 F. 

12 + 12 [■ 


10 - 284 

1.7(12)3.9 


= 242 + 152 = 39^ kip-ft 
&"/& = 2.25/(20 - 2.25) = 0.127 
For p = p 1 = 0.015 and n = 10 

m = np + (n - l)p' = 0.15 + 9(0.015) = 0.285 

q = np + (n - l)p d"/d =0.15+ 9(0.015)0.127 = O.I67 
k = O.36 (table 11 RCDH of ACl) 


I t =bd 


3 f k: 

' . 3 


+ (n - l)p' 


k 2 - 2k( 


(t) + (x) I + - k ) 2 ] 

- 12(17.75 ) 3 [-^£ + 9(0.015) {(0.36) 2 - 2(0. 3 6)(0.127) + 
(0.127) 2 ] + 0.15(1 - 0.36) 2 J 

i t = 67,200(0.0845) = 5680-in. 4 
l g = bt 3 /l2 = (20 3 ) = 8000 in. 4 
I a = 0.5(l g + I t ) = 6840 in. 4 

, 12EIn 12(3)10 3 (6840)3 

k " ' 3^ = aU W - 1590 


X 


R m /k = 182/1590 = 0.114 ft 


x m = x e = 6x e = 6 (°-H^) = 0-684 ft (par. 6-26) 

T n = 2*ym/k = 6.28yJ 4.22/1590 = 0.322 sec 
f • Second Trial - Work Done vs Energy Absorption Capacity. 
T/T n = 0.096/0.322 = 0.298 
C R = R ir/ B = 182/562 = 0.324 

t m / T = 1,8 ^ fig ‘ 5-29), t m = 1.8(0.096) = 0.173 sec 
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•Ihe value of t ffl exceeds the value of t = 0.12 sec for vhich the value 
of T = 0.096 »as obtained. He idealited load-time curve should be revised 
to approximate more closely the total impulse up to V dhe total impulse 

L^tlonT “ (fl6 ' 13 H = ^ - ~ 

T = 2E/B = 2(l.374)/25.3 = 0.109 sec 
T/T n = 0.109/0.322 = O.338 

t n/ T = 1-75 ^ fig " 5 * 29 ^ ^ = 1-75(0.109) = 0.191 sec; OK 
C W ~ ' 


w_ 


0.83 (fig. 5.27) 

= l! _ (BT/2 f _ (562) 2 (0.109) 2 
2m 2m 8(4.22 ) ~ m*® ft -kips 


"8(4.22; 

= 92.1 

o.5x e ) = 182 [0.684 - 0.5(0.114)] = 114 f t- kips 


W m = C W W P = 0-83(111.0) = 92.1 ft-kips 

E = R (x 
m v m 


2.44” 


17.56' 


I5.I2"| 


20 


— E is slightly greater than W and another 
trial might be made. It is desirable, however, 
to be conservative in the preliminary design be- 
cause simplifying assumptions are used (par. 
7-44). Therefore the 12 by 20 column is selected 
as the preliminary design and an actual column 
section is selected to establish the column 
plastic bending moment for use in the girder design that follows in 
paragraph 7-43. 

d" = 2.44 in. , d = 17.56 in., d* = 15.12 in., 3 #9 bars. 



U m 

-It l 

u 


12 " 


1 


A = A' 
s s 


3 in.' 


«D 


A f. d 1 
s dy 


+ P T 


= 3(52)15.12 
12 


0. 

284 

12 


10 - 



1.7(12)3.9 _ 1 97 + 237 - 84.5 = 350 kip-ft 


7- ^ 3 -- SIGN 0F R00F GIRDER. Ihe frame of this building consists of three 
rectangular columns supporting a rectangular girder which forms a tee beam 
with the roof slab. Ihe roof girder is designed to resist the combined 
vertical loads on the roof and the lateral loads on the frame as explained 
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1L 
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a 

fl 
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n 

n 
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n 
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n 
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hr 

20 , 0 ' 




I ™ 1110-345-417 

f 15 Jan 58 

!n Paragraph 7-11. Since this manual provides a tectalqw f<jr 

only slngie-span elements, the eontlnuous girder is designed to nithstand 

vertical loads as a beam fixed at the interior support and pinned at the 
ext er ior support • 

Although the other structural elements of this building are permitted 
o deflect plastically, the girder should be designed to behave elastically 
so that proper restraint is maintained for the column throughout the de- 
flection history of the frame. 

!Ehe design bending moment of 

the girder is the sum of the moments | j | 

at the fixed support due to (l) the 
roof slab dynamic reactions, (2) the 
static loads, and ( 3 ) the frame ac- 
tion. The moment due to fr am e ac- 
tion in a tvo-bay frame is equal to 
me -half the column plastic moment 
par. 7-11). 

The girder is designed as a tee beam in the region of positive mo- 
ent. In the region of negative moment near the interior support the girder 
3 of ^ rectangular section. This results in a girder of variable moment of 
xertia for which there are special expressions for R y and k_ (par. 

•21a and table 6.4). 1 

a. Loading. The critical frame girder loading results from the 
ast wave traveling parallel to the girder. Since the girder is parallel 
the short side of the building the appropriate roof loading is from the 
ne 3 condition. For Zone 3 loading the time variation of the local roof 
=rpressure varies continuously from front to back of the building. 

To obtain the true variation of slab dynamic reaction on the girder 
lid he a tedious task as well as unjustified in the light of all the pos- 
ile inaccuracies. In this example a conservative loading based on the 
ident overpressure curve (fig. 7.57) is used as the basis for the slab 
d in determining the girder load. This is warranted because in general 
slab reaches its maximum displacement before the vortex action in 
5 3 has an opportunity to reduce the incident overpressure to the local 
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roof overpressure (see pars. 7-23 and 7-25 and table 7.5). 

me Birder load is determined from the slab dynamic reactions for In 
eident overpressure vith the blast »ave traveling parallel to the girder 
Plotting from table 7.25 the same variation of dynamic reaction at the ' 
front and rear ends of the girder and averaging 
the total load on the girder gives the variation 
of average girder load from one slab in figure 
7.65. The preliminary design load is obtained by 
idealizing the load-time curve in figure 7.65 and 
multiplying by two to account for the two slabs 
loading the girder. Th$ idealized load is 
B = 12.2(2) = 24.4 kips/ft 
T, = 0.032 sec 



b ‘ — 3 ^ S - tlC Ra - nge D y immic Design Factors. (Refer to table 6.4 ) 

k l = 0.38, 

k = f 3 EI 1 /L 3 (fig. 6 . 29 ) 


Kt = °* 58 ' = 0.78 


R m = f lV L ( fi S- 6.27) 

M pos = f 2 M n (fig * 6 * 28 ) 

M n = R i L / f 1 6.27) 

= 0.26R + 0.12P 
v 2 = 0.43R + 0 . 19 P 


c. Mass Computation. 

Slab and roofing = f" -l iTj-K-^O) + g q"1 18(44.2$) . 

L 12 + D>U J ~000(2) = 41 *° ki P s 

Girder (estimate) . » 13. 5 kips 


Total mass . -- '^g.g 3 ' 5 . 1.69 klp-sec 2 /ft 

d. First Trial - Actual Properties. 
Estimate tee beam action for first trial, 

= S y f^ = 0 * 87 , f^ = 240 


Assume D.L.F. = 1.5 (experience) 

R m = D - L - F -( B ) = 1.5(24.4X20) = 732 kips 
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loads 


Moment in girder at interior support (fixed support) due to static 
M = wi/8 = (41.0 + 13 . 5 ) 20/8 . 136 kip-ft 

Moment in girder at midspan due to static load 
M = 9WL/128 = 9(54.5)20/128 = 77 kip-ft 
Moment from column 

M = 0.5Mp = 0.5(350) = 175 kip-ft (par. 7 -42f) 

Moment resistance required for vertical blast loads 
M = R m L/ 9 = 732(20 )/9 = 1630 kip-ft 
The total moment resistance required 
1630 + 175 + 136 = 1941 kip-ft 

,2 


(i_ Jfsd 


(eq 4.16) 


Mp = Pf^bd 
Assume p = 0.015 

Mp - 0.015( 5 2)M 2 [l - _ 19 , 1(12) 

= 23,300 kip- in. 

If b = 20 in.,, d = 41.2 in.; try h = 45 in., d = 4l.5 in. 
From figure 6.28 estimate f g = 0.67 (from experience) 


12 No. 9 


2.25] 
6N0.9 jj 


45" 


41. 5' 


20 M 


Effective Section ot Interior Support 

di 


— 1 

82" 

i 4 No.9 l 

□ 

f ‘ 

’“T If 

1 

1 

1 zJi " 


-gr II 

7 ! 


42.75' 


Y 


37 - 


7 No.9 


20 *' 


Effective Section ot Midspon 


Midspan moment = 0.67(1630) +0+77 
= 1090 + 77 = H67 kip-ft 
Ratio of midspan tension reinforceme: 
to interior support tension reinforcement 

II67 n s 

194l = 0.60. 

Rectan gular section at fixed support 
np = 10( 12 )/ 20(4l. 5 ) = 0.1445 
np' = 10(6)/20(4l.5) = 0.0722 
J g = 20(45 ) 3 /l2 = 152,000 in.^ 

m = np + ( n - l)p' 

= 0.1445 + (0.0722) = 0.2095 

q = np + ( n - l)p' ~ 

= 0-1445 + ^ (0.0722) = o.i48 
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k = O.38 (table 11 RCDH of ACl) 

kd = 0.38(41.5^ = 15 . 7 

I t = 20 ( 1 5-7) 3 /3 + 9(6)(13„45 ) 2 + 12.o(io)(25.8 ) 2 
= ^- 9 , 35-0 + 9750 + 80,000 = 109,000 in. 4 
■^1 = + 4^)0. 5 — 130,000 in. 4 

Tee section at midspan 

np = 10(7)/82(42.75) = 0.0200 
np’ = 10(43/82(42.75) = 0.0114 

y - + . u, 61 k) 

o2(7 h YS) 4 - Pn/rT o c X — = 
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“82(7.75) + 20(37.25) ~ "1380' 

^ r\r \ — - \3 


8.45 in. 

I g . ML25I 3 + M3I^5£ _ mo(aMf 

= 12,700 + 345,000 - 98,500 = 250,200 in. 4 
m = np + (n - l)p’ = 0.0200 + 0.9(0. 0114) = O.O303 

<1 = np + (n - Up' ^ , 0.0200 + 0.9(0.0114) , o.^ 

k = 0.18 (table 11 RCDH of ACI), kd = (0.18)(4 2 . 75 ) . -j.j ln . 

I t M + 9 IMX 7-1 - 2-25 ) 2 + 10(7)(lt2.75 - -j.jf 

= 12,500 + 1070 + 86,000 = 99,570 in. 4 
I 2 = 0.5(l g + I t ) = 179,400 in. 4 

V 3 * = 130,000/179,400 = 0.725 

f 1 = 8.85 (fig. 6.27) 

f 2 = 0.66 (fig. 6.28) 

f 3 = 235 (fig. 6.29) 

y - f 3 EI l „ 235(3 )10 3 (130. 000) 

1 “ t 3 " = TO'? 00 ‘Wft 


1 L 3 (20)3 

At the interior support 


Mp 


pf . bd‘ 
dy 


(1 - — 3y ) 

V ^de/ 


(eq 4.16) 


0.01445(52)20(41. 5 f l 0.01445(52) 
12 1 “ ~: ,; 7(3.9) 


1910 kip-ft 
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\-*^£-6.*j2$$gi.o.c eS S 

T r / T n = °- 032 / 0 . 0256 = 1.25 


sec 


D . L. F . = 1 4 18 
t m / T r = X ‘3 


(fig. 5 . 21 ) 


1.3(0.032) = O.Oklj sec 

in fig^e lt>aalDe 1S a satisfactory approximation for the loadin g 

Required R = 1 . 18 ( 24 . 4)20 = 575 kips 

The available resisting moment at the interior support for vertical 
blast loads is 

M = 1910 - 136 - 197 = 1577 kip _ ft 
Hxe available resistance is 
^lm = ^l^Ps^ = ®‘ 9 (l 577)/20 = 700 kip-ft 

Another trial 
Reducing the 


The available R^ is greater than the required R . 
will be made by reducing the amount of reinforcing steel. 


steel required by the ratio of the resistance calculated above 
Use 10 #9 tension bars; A g = ( 575 / 700 ) ( 12 ) = 9.85 in. 2 

p = ( 10 )/ 20 ( 41 . 5 ) = 0.01205 

M-. = -Q. 01 205 ( 52 ) 20 ( 41 . 5 ) 2 r 0.01205(52)7 
T 12 L 1 - T .7(3.9) j = 1635 kip-ft 

A ... • _ 


Assuming no substantial change in and T n the available resist- 

S ^lm = ®’9(l^35 - 197 - 136)/20 = 580 kips 575 kips 
e * Second Tr ial - Actual Properties. 


Rectangular section at fixed support 
np = 10 (l 0 )/ 20 ( 4 l. 5 ) = 0.1205 
n P * = 10(6 )/20(4l. 5 ) = 0.0702 


J- 

g 


152,000 in. 

m = np + (n - l)p' = 0.1205 + (0.0702) = 0.184 

d - np + (n - l) p . ^ = 0.1205 + £ ( 0 . 0702 ) . 0.124 

k = O.35 (table 11 RCDH of ACl) 
kd = 0 . 35 ( 41 . 5 ) = 14.5 in. 
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-f- 20(i4.5) 3 .p 

X t = __Z_ + 9(6)(12.25)^ + 10(10)(27.0) 2 

= 20,300 + 8100 + 73,000 = 101,400 in. 4 
■^1 = ®»5(lg + 1^. ) = 126,000 in. 4 

Tee section at midspan 

The tension steel at midspan = 0.6(10) = 6 tars (par. 7 -4 3 d) 
np = 10(6)/82 (42.75) = O.OI71 
n P ' = 10(3)/82 (42.75) = 0.00855 
m = np + (n - l)p' = 0.0171 + 0.9(0.00855) = 0.0248 

d = np + (n - l)p- £1 = 0.0171 + 0.9(0.00855) §0^ = 0.0175 
k = O.I65 (table 11 RCDH of ACl) 

kd = 0.165(42.75) =7-06 in. 

4 


I t = 81,300 in. , I = 259,200 i 
h/\ = 126,700/170,200 = 0.74 
f-L = 8.8 (fig. 6.27) 
f 2 = 0.655 (fig. 6.28) 
f_ = 232 (fig. 6.29) 


in. 


(I g + I t )0.5 = 170,200 in. 4 


k l = 


T = 2n 
n 


f 3 EI l 


(232)3(10) 3 126.700 _ 

= PTr ' ? = 79,000 kips/ft 


(20) 3 i44 


- 0 . 0*57 


sec 


T r /T n = 0.032/0.0257 = 1.25 


D.L.F. = 1.18 (fig. 5.21) 

Required = 1. 18(24.4 )(20) = 575 kips 
f - Preliminary Design for Bond Stress. 

Estimated = 0.62R m = 0.62(575) = 356 kips 
Allowable u = 0.15f^ = 0.15(3000) = 450 psi (par. 4-09) 


Zo = 


v _ 8(356,000) _ oc _ . 

ujd “ 450(7)41.5 " 22,0 1EU 


A = 10 #9 bars in two rows, A = 10 in. 
s s 

>io = 35.4 in., P = A s /bd = 200 ) = 0.01205 
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S* Determination of Maximum Deflection and Dynamic Reactions, by 
Numerical Int egration. Since the trial size may be used directly without 
modification reference is made to the previous computations for pertinent 


data. 


Revised girder weight = 25) (20)150 


12 ( 12)1000 


Rim =570 

y,= 0.0072 ft 
k| = 79,000 kips/ft 


- Maximum Deflection 


Deflection, y (ft) 


= 15® 6 kips 


Figure 7,66. Resistance 
function for girder 
spanning 20 ft 


R lm 
y e =-k^ 


79, 000 


Total mass = — =1.76 kip-sec 2 /ft 

Static load girder moment = 

(41.0+15.6)20 

= A z g =* L — L — = 142 kip-ft 

Maximum girder resistance in elastic 
range R. = -lk& - 197) 

= 570 kips 


= 0.0072 ft 


The basic equation for the numerical integration in table 7.20 is 


x n + 1 


= y (Atr + 2y. 


n n 


(table 5.3) where 


y n (At ) 


y n (At) = 


2 (P n " ( p n - R n )(0.0025) 2 


K in (m > 


( p n - R n )(6.25)(io' 6 ) 


0.78(1 . It 




4.55 (lO“ b )(P n - R n ) ft, elastic 

range 


The time interval At = 0.0025 sec is approximately T n /lO = 0.00257 
sec (par. 5-08). 

The dynamic reaction equations are listed in paragraph 7-43b. The 
P n values for the second column are obtained from figure r J.G’~> y multiplying 
by 2 x 20 to account for the 20-ft span and the two slabs loading the 
girder. 

The maximum deflection computed in table 7.26 is (y ) = O.OO69 ft. 

n max 

This is less than, but close to, the specified maximum Reflection, 
y e = 0.0072 ft. The design is satisfactory. 
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Table 7.26. Determination of Maximum Deflection and Dynamic Reactions for Roof Girder 


t 

P 

n 

R 

n 

P - R 
n n 

y n (At) 2 

y n 

v in 

V 2n 

(sec) 

(kips) 

(kips) 

(kips) 

(ft) 

(ft) 

(kips) 

(kips) 

0 

0 

0 

4.4 

0.000020 

0 

0 

0 

0.002$ 

28.0 

1.6 

26.4 

0.000120 

0.000020 

4 

6 

0.0050 

56.0 

12.6 

43.4 

0.000197 

0.000160 

10 

16 

0.0075 

9 6.0 

39.3 

56.7 

0.000258 

0.000497 

22 

35 

0.0100 

136.0 

86.3 

49.7 

0.000226 

0.001092 

39 

63 

0.0125 

192.0 

151.1 

40.9 

0.000186 

0.001913 

62 

102 

0.0150 

256.0 

230.7 

25.3 

0.000115 

0.002920 

91 

148 

0.0175 

312.0 

319.3 

-7.3 

-0.000033 

0.004042 

120 

197 

0.0200 

360.0 

402.2 

-42.2 

-0.000192 

0.005091 

348 

241 

0.0225 

408.0 

469.9 

-61.9 

-0.000282 

0.005948 

171 

280 

0.0250 

436.0 

515.3 

-79.3 

-0.000361 

0.006523 

186 

304 

0.0275 

460.0 

532.2 

-72.2 

-Co 000328 

0.006737 

194 

316 

0.0300 

472.0 

523.2 

-51.2 

-0.000233 

0.006623 

193 

315 

0.0325 

480.0 

495-8 

-15.8 

-0.000072 

0.006276 

186 

304 

0.0350 

484.0 

462.7 

21.3 

0.000097 

0.005857 

178 

291 

0.0375 

488.0 

437.3 

50.7 

0.000231 

0.005535 

172 

281 

0.0400 

488 .0 

430.1 

57.9 

0.000263 

0.005444 

170 

278 

0.0425 

488.0 

443.7 

44-3 

0.000202 

0.005616 

174 

284 

0.0450 

488.0 

473.2 

14.8 

0.000067 

0.005990 

182 

296 

0.0475 

488.0 

508.0 

-20.0 

-0.000091 

0.006431 

191 

311 

0.0500 

488.0 

535.7 

-47.7 

-0.000217 

0.006781 

198 

323 

0.0525 

488.0 

546.2 

S -58.2 

-0.000265 

0.006934 

0.006782 

201 

328 

* (y ) = O.OO69 ft. 

w n max 






h. Shear and Bond Strength. 

For interior support end of girder (fixed end of idealiz ed girder ) 


For no shear reinforcement, allowable v y = 0.04f^ + 5000p (eq. 4.24) 
v y = 0.04(3000 ) + 5000(0.01205) = 120 + 6l = 181 psi 


328 kips (table 1 > 26 ) 




pvipq-r reinforcement required for 452 - l8l = 271 psi 
Contribution of shear reinforcement to allowable shear stress - rf y 
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r ' I07000 ' °-°°677 

Try U #4, A = 0.80 In. 2 
s 

_ A s 0.80 

r - bi = 2^77 = °' 00677 > s = 5.9 in. , use s = 6 in. 


For 


■£ * terlor sup port end of girder (pinned end of idealized girder ) 
V max = 201 kips ( ta ' ble 7.26) ~~~ 

v y = 0.04(3000) + 5000(0.00171) = 120 + 9 = 129 psi 


V = 


8V _ 8(201,000) ~ 

7bd 7(20 )(42.75) ~ 269 psi 


Shear reinforcement required for 268 - 129 = 139 ps i 

r = 407000 = °- 0°3^7 
Try 4 jfh, A = 0.80 in. 2 

s 

A 08 

r = hi = 20(s) = 0 *00347j S = 11.5 in. , use s = 11 in. 

Bond 


u 


8V _ 8(201,000) 

7Sod 7(21.3)42.75 


= 252 psi 


Allowable u = 0.15f( = 0.15(3000) = 450 psi; OK 

i. Summary. 

Girder 20-in. X 45-in. tee beam 

F -™ AL DESIGN 0F COUJMN'. This column design for plastic behavior was 
begun in paragraph 7-42. The calculations which follow illustrate the 
steps which are needed to determine the adequacy of the preliminary design. 
The primary objective is the calculation of the lateral displacement of the 
top of the column as a function of time by a numerical integration. 

In the preliminary design of the column some of the factors which 
affect the maximum deflection of the column are neglected to simplify the 
computations. These factors which are now considered are: the variation 
of plastic hinge moment with direct stress, the variation of col umn re- 
sistance with lateral deflection, the effect of girder flexibility on the 
stiffness of the frame, the difference between the load on the wall slab, 
and the dynamic reactions from the wall which are used as the lateral design 
load for the frame col umns . 
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Reference should he made to the preliminary design in paragraph 7-4-2. 

a. Mass Computation. 

Roof slab = 82.0 kips (par. 7-42b) 

Girder stem = = 29.8 kips 

°° iums = ig a» 3 - 9 - 75 k±ps 

Walls = 74.8 kips (par. 7-42b) 

Mass of single-degree-of -freedom system = total roof + 
i (columns + wails) . 82 -° ± 5>-8 jO|la ± ihSl 
= 4.35 kip-sec 2 /ft 

b. Column Properties. (See par. 7-42h. ) 
b = 12 in., t = 20 in., d = 17. 56 in. 

d’ = 15.12 in., d" = 2.44 in., A, 


= A’ = 3 in. , p = 0.0142 
s 


“D " Vdy 4 ' 


+ P- 


0.5t - 


f d 

-^ f dcJ 


(eq 4.32) 


3(52)(15-12) 


12 


12 


10 - 


1.7(12)3 


*] 


Mp = 196.6 + 0.83 P d - 0.00105P d 
c. Effect of Girder Flexibility. Consideration of the relative 
flexibility of the girders generally results in a value of the frame elastic 
spring constant k which is less than the value obtained for infinitely 
stiff girders in the preliminary design (par. 7-08). To obtain this re- 
vised value a simple sidesway analysis of the frame is made. From the 
sidesway analysis k is the magnitude of the lateral load required to 
cause unit displacement. 

The elastic sidesway analysis (the results of which are shown in 
figure 7*67) is performed for initial column moments of -1000 kip-ft at top 
and bottom of each column. This is equivalent to a lateral displacement of 
the top of the column. 

_ (P.E.M. )h 2 _ iooo(i4.63) 2 i44 _ 

X — - /f-rm - O * y 


~SeT 


6(3) Hr (6890) 
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400 kips 


o 


ro ^ 
<0 O 


|- |Q- 950 f ~ — 
950 


£ = 8510 


“ |0~485h - (a485l ^71 Erom figure 7.67 


b.050| 


£ = 470 


I -975 

~whrr 


I -1000 

|0.030| 


f=85l0 


1 = 470 


-1000 
irmr 

2 ot 20' = 40' 


-950 
fb.050 | 


£ = 470 


-975 

TTmrr 


R = 


m 2(950 + 975 +1000) 


iW 


= 400 kips 

k R _ 400 
x 0.249 


= 1600 kips/ft 
In this example the girders 


Figure 7.67. Sidesivay analysis by 
moment distribution 

spring constants (par. 7-42e). 

d. Loading. Hie F column of 

— n 

(table 7 « 27 ) is obtained from figure 


are relatively stiff and there 
is no significant reduction in 

the numerical integration analysis 
7 . 68 . Hie first part of figure 7.68 


Table 7.27. Determination of Column Adequacy 


t 

(sec 

P 

roof 

(psl) 

T ' ( Vn 

(kips) 

P /h 
n' c 

(kips/ft) 

*D 

(kips/ft ) 

R 

m 

(kips ) 

F n 

(kips) 

R 

n 

(kips) 

P 

n 

vT~ x 

h c n 
(kips) 

F n - R n + r x n 
(kips) 

X n (At) £ 

(ft) 

X 

n 

(ft) 

0 

0.01 

0.02 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

o.i 4 

0.15 

0.16 

0.17 

0.18 

0.19 

0.20 

0.21 

0.22 

0.23 

0.24 

0.25 

0 

2.90 

5.80 

8.70 

8.30 
7.90 
7*51 
7.15 
6.84 
6.53 
6.26 
6.00 
5.76 
5.52 

5.30 
5 .H 
4.92 
4.74 
4.58 
4.44 

4.31 
4.18 
4.06 
3 . 9 ^ 
3.81 
3.70 

37.3 

148.1 

259.0 

369.9 

354.6 

339.3 

324.4 

310.6 

298.8 

286.9 

276.6 

266.7 

257.5 

248.3 
239-9 

232.6 

225.4 

218.5 

212.4 
207.0 
202.1 
197.1 

192.5 

187.9 

182.9 

178.7 

8.8 

34.9 

60.9 

87.0 

83.4 
79.8 

76.3 

73.1 

70.3 

67.5 

65.1 
62.7 

60.6 

58.4 

56.4 

54.7 

53.0 

51.4 

50.0 

48.7 

47.5 

46.4 

45.3 

44.2 

43.0 

42.0 

358.9 

357.3 

355.4 
353.1 

350.9 

348.3 

345.9 

343.3 
340.7 
338.0 
335-3 

332.9 

330.4 

327.9 

325.5 

323.4 

321.4 

319.4 

317.5 

315.5 

313.3 

311.4 

168.9 
168.1 

167.2 

166.2 

165.1 

163.9 
162.8 

161.6 

160.3 
159*1 
157*8 

156.7 
155*5 

154.3 

153.2 

152.2 
151.2 

150.3 

149.4 

148.5 

147.4 

146.5 

125 

355 

386 

366 

355 

282 

145 

100 

55 

54 

52 

51 

50 

49 

47 

46 

45 

44 

43 

4 i 

4 o 

38 

36 

34 

32 

30 

0 

2.3 

17.6 

46.4 

87.2 

137.9 

167.2 

166.2 

165.1 

163.9 

162.8 

161.6 

160.3 

159.1 

157.8 

156.7 
155.5 

154.3 

153.2 

152.2 

151.2 

150.3 

149.4 

148.5 

147.4 

146.5 

0 

0.1 

0.7 

2.5 

4.5 
6.9 
9.3 

11.4 

13.3 

14.9 

16.3 

17.4 

18.3 

19.0 

19.5 

19.9 
20.2 

20.3 
20.4 

20.4 
20.2 

20.1 
19.8 

19.4 

62.5 

352.8 

369.1 

322.1 

272.3 

151.0 
-12.9 
- 54.8 
-9 6.8 
- 95.0 

- 94.5 

- 93.2 

-92.0 

- 91.1 

- 91.3 

-90.8 

-90.3 

-90.0 

-89.8 

-90.8 

-91.0 

-92.2 

- 93.6 

- 95.1 

0.00144 
0.00811 
0.00349 
0.00740 
0.00626 
0.00347 
-0.00030 
-0.00126 
-0.00222 
-0.00218 
-0.00217 
- 0.00214 
-0.00211 
-0.00209 
-0.00210 
-0.00209 
-0.00208 
-0.00207 
-0.00206 
-0.00209 
-0.00209 
-0.00212 i 
-0.00215 1 
-0.00219 « 
( 

0 

0.00144 

0.01099 

0. 02903 

0 . 05447 
0.08617 
0.12134 

0. 15621 

0.18982 

0.22121 

0.25042 

0.27746 

0.30236 

0.32515 

0.34585 

0.36445 

0.38096 

0.39539 

0.40775 

0.41805 

0.42626 

0.43238 

0.43638 

0.43823* 

0.43789 

* x max = °- 1A ft - 
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7-44e 


is based on dynamic reaction column of the wall slab analysis (table 

7.23). The dynamic reactions for a one-foot width of wall are multiplied 
by 18 j the width of* one frame bay- 

The portion of the curve after t . 0.045 sec is based on the net 

lateral overpressure curve (fig. 7.60). Here the values of F are obtained 
from n 


F - 144(18)8.56 r- 
n 1000 net 


22,2P net kips 


where P net is in psi. The dimension 8-. 56 is equal to one-half the front 
wall clear span plus the roof slab thickness, 1/2 (15.82) + O.65 = 8 56 ft 
e * Numerical Integration Computation to Determine Column Adequacy. 
The total vertical load P n is obtained by multiplying the average roof 
overpressure (fig. 7.61) by 

X44.25 )(18)144 _ 

1000 “ • L1 ' ? 


and adding the dead weight of the roof system (112 kips). The (P ) values 
are the average axial column loads and are obtained by dividing the total 
vertical load by 3, the number of columns. The (P D ) n column is used in the 
formula of paragraph 7 -44b to obtain the value of (M J) ) . The value of 

^D^n ls used in turn to obtain the maximum resistance at any time from the 
relation 


<Vn " 


l( Vn 2 (3)(Mp) n 


12.75 


= 0. 


47(V n 


R n ls e<lual to ^ = l800x n in the elastic range. In the plastic 
range the limiting value of P is R m . The expression ( p n x n )/h c indicates 
the decrease in resistance corresponding to the increase in moment re- 
sulting from the eccentric loading. 

The basic equation for the numerical integration analysis in table 
7-21 is 


v + 1 = 


+ 2x - x 
n n 


1 (table 5.3) 


where 
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x (At) = 
n v 


P x "1 

F - R H — 

n n h 
c. 


m 


(At) 2 = 


F - R 
n n 


P x 
n n 


h 


- r p 

2.3(10 _:> ) F - R + (x ) 
' n n h v n v 
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(0.0l) J 


The time interval At = 0.01 sec used in table 7.27 is less than one- 
tenth the natural period, = 2 it m/k = 6.28^4.35/1600 = O.327 sec. 

0 327 

At = 0.01 < 10 = 0 .0327 (par. 5-08) in order to provide a more faithful 

representation of the load curve (fig. 7-68). The allowable max imum 
C£f3 R 

displacement = — = ^1600^ = °*^ 2 T ft (par. 7-42c and table 7.2l). The 

computed maximum displacement = 0.44. Thus the design op = 6 ( ^’^27 ) = ^*2. 
The design is satisfactory. 

f . Shear and Bond Stress. 

V max = ^3^ = 55-7 kips (table 7-27) 

For ncr shear reinforcement 

Allowable v = O.04f^ + 5000p (eg. 4.24) 

v = 0.04(3000) + 5000(0.0142) = 120 + 71 = 191 psi 

/_ JZ _ 8 fe700) _ 303 ± 

7hd " 7(12)(l7.56) j j p 

Shear reinforcement required for 303 - 191 = 112 psi 

2 


Try 1 #4, A = 0.20 in.' 


r = 


112 

40, 000 


0.0028 


XT. 

= = 0.0028 = 


0.20 


s = 5.95 in., use s = 6 in. 


bs _ 12 [s7 j 

Zo = 8.9 in. 

- = TT&m% * h07 psl 

Allowable u = 0.15f£ = 0.15(3000) = 450 psi > 407 psi; OK 


numerical example, design OF A ONE-STORY REINFORCED-CONCRETF, frame 
BUILDING- -ELASTIC AND ELASTO- PLASTIC BEHAVIOR 

GENERAL. This numerical example presents the design of a typical bay 
of a windowless, one-story, reinforced-concrete rigid-frame building in 
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1 6'- 0" 

l6'-0" 



Cross Section 
6 @ IS'- 0“ = 108* - Q 1 * 



Figure 7 . 69 . Plan and section of building 


which the primary elements are 
permitted to deflect elasti- 
cally and the others to deflect 
into the elasto -plastic region. 
Hie example includes the design 
of a typical wall slab, roof 
slab, girder, and column. 

The building consists of 
reinforced-concrete rigid 
frames and reinforced-concrete 
wall and roof slabs. The wall 
slab is a one-way slab span- 
ning vertically, supported at 
the bottom by the wall footing 
which is integral with the 
foundation, and at the top by 
the roof slab. The roof slab 


is also a one-way slab spanning continuously over the reinforced-concrete 
frames. The roof girders are tee beams formed by the roof slab and a rec- 
tangular girder stem. The columns are rectangular tied columns symmetri- 
cally reinforced in the strong direction. 

7-46 DESIGN PROCEDURE. The over-all design procedure illustrated by this 
example is essentially the same as the procedure detailed in paragraph 7-29 
for the elastic design of a steel rigid-frame building with reinforced con- 
crete walls and roof . 

7-47 LOAD DETERMINATION ^ The computation of loads is explained in 
EM 1110-345-413 and illustrated again in paragraph 7 -I 9 for a one-story 
building. In this example the necessary load curves are presented without 
explanation or computation. The design overpressure of 10 psi is selected 
arbitrarily for this example. 

The overpressure vs time curves that are presented are: 

(1) Incident overpressure vs time (fig. 7*70) 

(2) Front face overpressure vs time (fig. 7*7l) 

(3) Rear face overpressure vs time (fig. 7*72) 

(4) Net lateral overpressure vs time (fig. 7*73) 

(5) Average roof overpressure vs time (fig. 7*74) 
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Figure 7.70 . Incident overpressure vs time curve 
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Figure 7,72. Rear face overpressure vs time curve 


Net Lateral Overpressure 
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Figure 7.74. Average roof overpressure vs time curve 
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7-48 DESIGN OF WALL SIAB. The wall slab is designed "by considering an 
element one foot wide, spanning vertically between a fixed support at the 
foundation and a pinned support at the roof slab. The wall slab is de- 
signed to deflect through the elasto-plastic range up to the beginning of 

the plastic range. This means that the 
~ 1 •• i - - - 1 1 ■ r4~J design load is expected to cause develop- 

— ment of plastic hinges first at the fixed 

— support and then near midspan. 

n y „ . . Elis is an example of a design for 

]/ 14.75 — • L s 14.75 

7 — which the elasto-plastic design procedure 

— is used. Another method of design which 

— could be used utilizes the elastic design 

777 ) 7 7 X 77 procedure and an artificial maximum re- 

s_J — . .. J sistance (par. 6-l4e). 

The design span length is equal to the clear distance between the 
foundation and the roof slab. The dead load stresses are not considered in 
a vertical wall. 

a. Design loading. The design load as idealized from the computed 
loading shown by figure 7-71 is defined by: 


8 * 53.8 kips 



25.3(144)14.75 


= 53.8 kips 


T s 0.061 sec 


Time (sec) 


B = 25.3 psi 


T = 0.06l sec 


H = —■ = (5 , 3 -8^0. 06l _ kip _ sec ( par . 6_u) 


b. Dynamic Design Factors. (Refer to table 6.1.) 


Elastic range: 

k l = 0.58, 


% - 


% - °' 78 


Vp = O.26R + 0.12P, 
Elasto-plastic range: 


= 0.64, 


_ 185EI 

K 1 3 

1 ? 

V 2 = 0.43R + 0.19P 


Kjj = 0.50, 
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E lm - r <“ps * “pi)' k ep - ^ 

V = O. 39 R + 0.11P 
istic range: 

= 0.66 

irage values: 

k l = 0 . 5 ( 0.58 + 0.64) = 0.61 
= 0 . 5 ( 0.45 + 0 . 50 ) = 0.47 

E m " X (“PS + al Hn> 

= (P lastlc design, Mp s = M^) 

L 

c. First Trial - Actual Properties. 

^ ^Pb " Sa " “P 

Assume p = 0.015 at midspan cross section (par. 4-10 ) 
Assume C R = 1.7 (experience) 

R m = C r B = 1.7(53.8) = 91.5 kips 


(eq 4.16 ) 


Mp - pfjybl 2 ^1 - (el 1 *- 1 6) 

= 0 . 015 ( 52 )(l)d 2 £1 - i* 7 (ffg y] = 0 . 688 d 2 kip-ft (d in inches) 


R = 
m 


12M P (l2)0.688d 2 


14.75 


~ 91 . 5 ^ • • d = 12*75 in . 


Try la = l4 in., d = 12.5 in., p = 0.015, np = 0.15 
Mp = 0.688(12. 5 ) 2 = 107.5 kip-ft 


R = 
m 


= , 87.5 ups 


14.75 


I = th 3 /^ = (l4.0) 3 = 2740 In. 

4 - Pi 3 [y + np(i - k) 2 ] = 12(a) 3 [IfiiM) 3 + 0 .i 5 (i . o ,42) 2 ] 

= O. 905 d 3 = 0 . 905 ( 12 . 5 ) 3 = 1770 in.^ 

I = 0.5(1 + I. ) = 0.5(2740 + 1770) = 2255 in.^ 
a g t 

V = ^OEI = (l6o)3(iQ) 3 2255 = 234o kips / ft 
^ L 3 (l4.75) 3 l44 
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* if - SW ' °- 037 “ ft 

■ a.58 hips 

Mass m = fg2§ = 0.08 kip-sec 2 /ft 

JZ-* C- 

k l = I5§ h = 1-155(2340) = 2700 kips/ft 
k ep = 5(I6 o 7 k H = °* 1+8 (23^0) = 1120 kips/ft 

8k p _ 8(107.5) 


R_ — T 
lm L 


14.75 


=58.3 kips 


= ~ = Ife; = 0.0216 ft 


y c 


k x _ 2700 


. R m " R lm „ 87.5 - 58.3 

y = y = y + — 1 = 0.0216 + — - 

j iii “’ep J e k 1120 

ep 


= 0.0476 ft 


d. First Trial - Equivalent System Properties. 

R me = = 0 - 6 l( 8 ?-5) = 53*4 kips (eq 6.12) 

H g = KjH = 0.6l(l. 64) = 1.0 kip-sec (eq. 6.8) 

m e = iyn = 0.47(0.08) = O.O376 kip-sec 2 /ft (eq 6.2) 


T = 2n- 
n 


- 6.28^ °-y) . 0.0324 sec 


(H ) 2 f ,2 

h p - -37 - 2(0376) * 13 - 3 ft ' klps (eq 6 ' 10) 

e. First Trial-Work Done vs Energy Absorption Capacity. 

C T = T/T n = 0.061/0.0324 = 1.88 
C = R /B = 87.5/53.8 = 1-83 (eqs 6.15, 6.l6) 

i\ m 

t m /T =0.26 (fig. 5.29) 

t = (0.26)0.061 = 0.016 sec 
m 

Idealized load-time curve is satisfactory (fig. 7*7l)(par. 


C w = 0.091 (fig. 5-27) 

W = C TT W_ = 0.091(13.3) = 1.21 ft-kips (eq 6.17) 
m W P 


5-13) 
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E = R m e ( y m ~ 0 -5y e ) = 53-4 [0.0476 - 0.5(0.0216)] 

= 1.96 ft-kips (eq. 6. 18) 

E » V, therefore the selected proportions are satisfactory as a 
preliminary design. 

f . Second Trial - Actual Properties. 

0.5(W + E) . 

p r - m . , 0.5(1.96 + 1.2') 

- °* 5 y e ) (o. 6 i) [0.0476 - 0.5C0.0216)] = 70,5 ki P s ( e< 3 . 8 i 9 ) 


m 


= ^ = (l2)0.688d 2 . 

L 14.75 - •• 


d = 11.2 in. 


Try h = 12.5 in., d = 11.0 in., p = 0.015 
Mp = 0.688d 2 = 0.688(H) 2 = 83.3 kip-ft 


= = 12 ( 83 . 3 ) _ 


R n-r = - 68 kips 

I_ = ~r?r = (12.5) 3 = 1950 in. 4 


hh3 

12 


I t = 0.905d 3 = 0. 905(11. 0) 3 = 1210 in. 4 (k = 0.42) 
I a = °*5(l g + I t ) = 0.5(1950 + 1210) = 1580 in> 

jgOEI - Il 60) 3 ( 10 )3l580 . ^ /n 
^ L 3 (i 4.75 ) 3 i 44 


R 


m 


68 

y E kp I65o 

Tr . . . 12.5 

Weight = 


= 0.0415 ft 
L-T5 ) 


12)1000 


= 2.3 kips 


Mass m = ~ 3 = 0.0715 kip-sec 2 /ft 
l8S 

k l = T5o = l*i55(l64o) = 1890 kips/ft 
k e P = 5 (lid) ^ = 0.48(l64o) = 788 kips/ft 

R-, 


' In L 

R ln 
y e = -k7 


^ - USUI = 45.0 kips 


14?75 
45 


1890 


= 0.0238 ft 
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y m - y ep “ + ’ °' 0238 + ^So3 


45.0 


= 0.053 ft 


g. Second. Hr ial - Equivalent System Properties. 

R me = K L R m = °-8l(68) = 4l.5 kips (eq 6.12) 

H g = KjH = 0.6l(l. 64) = 1.0 kip-sec (eq 6.8) 

m e = ^M 111 = 0.47(0.0715) = O.O336 kip-sec^/ft (eq 6.2) 


T n = 2it 


v¥-w 


w p = 


<V 2 fl.0) 2 

■ 2 ( 0 . 


2m 


033^7 


0.78(0.0715) « 

— 1640 ' = °-° 366 sec 

= 14.9 ft-kips (eq 6.10) 


h. Work Done vs Energy Absorption Capacity. 

C T = T/T n = 0.061/0.0366 = I.67 

C R = R m / B = 68 /53-8 = 1-26 (eqs 6.15, 6.l6) 
t m /T = 0.34 (fig. 5.29) 
t = (0.34)0.061 = 0.0207 sec 

Idealized load-time curve is satisfactory (fig. 7. 71) 

C w = 0.118 (fig. 5.27) 

'W’m = C^Wp = 0.1l8(l4.9) = 1.78 ft-kips (eq 6.17) 

E = R me^ y m " °* 5y e ) = 4l * 5 t 0, ° 53 " 0-5(0.0238)] = I.71 ft-kips (eq6.l8) 
E **W, therefore the selected proportions are not satisfactory as a pre- 
liminary design. 

i. Preliminary Design for Bond Stress. 

At bottom of -wall (at fixed end of idealized slab) 

This section has smaller d than at midspan therefore p > 0.015. 

From equation 4.l6 for d = 10 in. and Mp = 83-3 kip-ft, required p«»0.0l84. 

Estimated V = l/2 R 


Outside Face 


2.5 


1 

■ /\ 

1 

-i 

,0j 

P 



1 



Outside Face No. 8 


Section ot Bose 


F7 7 / . ’ 

1 •> . • Jr L4. ■ .1 

J 1.25 

12.5 

?U— : -K- - 


5_J 


Section at Midheight 


=l/2 (68) = 34 kips 
Allowable u = 0.15f( 

= 0.15(3000) 

= 450 psi (par. 4-09) 
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Try #8 at 4 - 1/4 in., A = 2.23 m 2 /ft m a „ 

A ' s *o m. /it, 10 =8.9 in. /ft 

P = bd = 12(10) = °‘ 01 86 

At_jQP_°f vail (at pin n ed end of idealized a i*h) 

Estimated V = 1/3 r I i /o 77 T\ ~ 

max x /' 3 % ~ i /3 (68) = 23 kips 

c. 8(23,000) 

^50(7)11.25 = 5 ‘ 2 in * 

Bond stress is not critical 

try #6 at k-l/k in., A s = 2 . 23 la .2 Zo . g ^ 

A 

g O 075 

P ~ M = 11.25(12) = °* 0l8 5 

Numerical Integration. ■ — =■*. 


^ p;f dy bd l 1 " 1. 7f»" ) = 0 *0l65 (52) (l)(n. 25 ) 2 Fi . 10.0165)52 
X c/ L 1*7(3*9) ' 

= 9^*5 kip-ft (eqt 4.16) 

Mps ■ ) 2 [1 - ^8|X|22j _ 82 _ 6 kip _ ft 

J g = bh3 /l2 = (I2.5) 3 = 1950 in. 4 

X t = bd3 [t + np ( P - k ^] = 12(11.25 ) 3 + 0.148(1 - 0.42) 2 ] 

= 12 9 0 in> J 

X a = °* 5 ^ I g + ^ = °*5(1950 + 1290) = 1620 in. 4 
*** - - -3 MPS 

Mass m = = 0.0715 kip-sec 2 /ft 


Ela.s*fc±c range: 

•n _ 8(82.6) , , „ 

E lm ~ L ~ 14.75 = 44,8 kips 

k 1B5|I , jjg5).3(10) 3 l620 _ l9h0 , 

1 L 3 (lh. 75)hhk W ° klPS/ft 
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7-48j 


y e = k 


R lm 44.8 

19J+O _ < - ) *^3 ft 


Elasto-plastic range: 


R 


m 


_ + 2I W 4 [82. 6. + 2 (94.5)1 

L 14775 

3§4 ei 384 


73 • 5 kips 


k ep = ~3“ = 5(l55T k l = 806 kips / ft 


y ep = y e + 


R - R, 
m In 


= 0.023 + 


ep 


73-5 - 44.8 

5o5 


= 0.058 ft 


Effective Resistance" 
Rm= r 3.5 

R|m = 44.8 



By providing equal areas under the "effec- 
tive resistance" line and the computed elasto- 
^•T^oMpT/f. plastic resistance line, y = 0.043 .ft (fig. 7-75) 


k, s I940kips/ft 
kg * I 7IOkips/ft 
§ k^p = 806 kips/ft 
y e s 0.023 ft 
y E = 0.043 ft 
'g y ep = 0.058 ft 


y * y E y ep 

Deflection, y (ft) 

Figure 7.75. Resistance func- 
tion for 12-1 /2-in. slab span 
fling 14.75 ft, fixed at one 
support, pinned at 
other support 

2y n " y n _ (table 5*3) where 
y (At f - (P n - 


R 

“e ' 5® = Sst3 - 1710 kl P s /ft 

E 

^ 

= O.O358 sec 

The basic equation for the numerical in- 
tegration in table 7-28 is y n + ]_ = y n (At) 2 + 


IM' 

.. , *2 (P n “ R n )(0 - 003)2 -4 

y n (2t) - 0.78(0.0715) — = 1.62(10) (P n - R n ) ft, elastic range 

.. , ,2 (P n " R n )(°-°°3) 2 _k 

V At} = 077870. 0715 ) — =1 *82(10) (P n - R n ) ft, elasto-plastic 

* ‘ " * range 

2 ( p n " R n )(°- 0 °3) 2 k 

y n (At) = '”'"0.88(0.0715) = 1, 9°7(l0)~ (P n - R n ) ft, plastic range 


The time interval At = 0.003 sec is less than T /lO = O.OO358 sec (par. 5-08 ). 
The dynamic reaction equations are listed in paragraph 7-48b. The values 
for the second column are obtained from figure 7. 71, multiply ing by 

i44(i4.75)/iooo = 2.12. 
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oble 7.28. Determination of Maximum Deflection and Dynamic Reactions 

for Front Wall Slab 


p 1 

(sec) 

P 

n 

(kips) 

R 

n 

(kips) 

P -R 
n n 

(kips) 

CVI 

1 s 

3>f 

y n 

(ffc) 

V ln 

(kips) 

V 2n 

(kips) 

0 

0.003 

0.006 

0.009 

0.012 

O.015 

0.018 

0.021 

0.024 

53.8 

51.2 

48.5 

45.9 

43.2 

40.6 
38.0 
35-3 
31.8 

0 

8.5 

30.3 

1 50.4 

61.2 

69.7 

73.5 

73.5 

59.4 

26.9 

42.7 

18.2 

-4.5 

-18.0 

-29.1 

-35.5 

-38.2 

0.00436 

0.00692 

0.00295 

-0.00073 

-0.00292 

-0.00471 

-0.00677 

-0.00728 

0 

0.00436 

I 0.01564 
0.02987 
0.04337 
0.05395 
0.05982* 
0.05892 
0.05074 

6.5 

8.3 

13.7 

24.7 

28.7 

31.7 
32.5 
32.1 
19.2 

10.2 

13.4 
22.3 

24.7 

28.7 

31.7 

32.5 
32.1 

31.5 



- °- o6 ° ft - 


In table 7*28 the max imum computed deflection is (y ) = 0.060 ft. 

This is slightly more than the specified maxi Timm displacement* y = 0.054 

ep 

ft. mils is an acceptable difference for blast resistant design. 

k. Shear Stress and Bond Strength. 

For bottom of -wall (fixed end of idealized beam) 

V xnax = 32,5 3111)15 ( ta:ble 7.28) 

For no shear re inf orcement 

v y = 0.04f£ + 5000p = 0.04(3000) + 5000(0.0186) = 120 + 93 

= 213 psi (eq. 4.24) 

8V 8(32,500 ) 0 . A , 

7bd “ 7(12) (10) “ 310 psl 


Shear reinforcement required for 310 - 213 = 97 psi 
Contribution of shear reinforcement to allowable shear stress 


r = 40, 000 " 
T!ry 1 #4, A g 


0.00242 
= 0.20 in. 2 



r = 


A 

s 

bs 


0.20 

8 - 1/2 £ 


= 0.00242; 


= 9*75 in., use s = 9 in* 
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For top of wall (pinned end of idealized beam) 
V = 32.5 kips (table 7.28) 


max 


v y = 0.04fJ + 5000p = 0.04(3000) + 5000(0.0148) = 120 + 74 = 194 psl 


v _ _ 8 v _ 8 ( 32 , 500 ) _ 07C . 

7bd - 7(l2 )( 11.25 ) " 275 psl 


3-4" 


Constr. Jt, 


3'~4“ 


, E3K5No.3Stir. at 7~" 



Corner Dowels 
No. 8 at 9" 


At 9”Along Wall 
Alternating with 
•4 No. 3 Stir, at 7i M 
At 9"A long Wall 
Staggered as Shown 


No. 8 at 9 tL 


4' -9“ 


k-No. 8 at 4-^ M 


-No. 8 at 9" 
"No. 4 at 9^" 
v No. 4 at 18" 


Shear reinforcement required for 
275 - 19^ - 8l psi 

r = = 0.00202 

2 


4 o, 000 


Try 1 #4, A = 0.20 In. 
s 


r = 


14'- 9 " 


‘ No. 3 Stir, at 9" 

y-1 At 9"olong Wall 

Alternating with 
I X 4 No. 3 Stir, at 9" 

U At 9"along Wall 
Stoggered os Shown 


Bond 


u = 


bf = ^i/2°' s = °* 00202 ; 

i = 11.65 in., use s = 11 In. 

_8V_ , 8(32,5 00) . 4l2 , 

7ZoS 7(8.9)10 PB1 


-Constr. Jt. 


Allowable u = 0.15f 1 

c 


2 - 6 " 


'No.8 at 4~ 


2 > Dowels 


rNo.8 at 9“ 

Note : Wall Steel to Have ^ Cover Inside 
2" Cover Outside 
Foundation Steel fiot Shown 
Slab Steel Not Shown 


= 0.15(3000) 

= 450 psi > 412 psi; OK 
1. Summary, 

12- 1/2- in. slab 

DESIGN OF HOOF SLAB. The design procedure followed in designing this 
roof slab is similar to the design procedure for design of the wall slab in 
paragraph. 7-48. Consideration is given to the static load stresses in this 
case because they reduce the maximum resistance of the slab. Since the 
procedures of this manual are 
limited to single-span elements, 
the slab is designed by considering 
the behavior of a one-foot-wide 
element fixed at both ends and 
spanning 18 ft between the frame 
centerlines. The slab is permitted 
to deflect through the elasto-plastlc 
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range but not Into the plastic range (fig. 7.76, page 208). 

a * ^ slgn fading. Since the maximum deflection of this slab is 
limited to the elasto-plastic region, this maximum deflection occurs in a 
y short time (table 7-29, page 208). The rapid response means that the 
design load for all slab elements may be based on the incident overpressure 
regardless of the direction of motion of the blast wave. Only on the first 
feet from the front edge, for the blast wave moving perpendicular to 
the long axis of the building, is the loading reduced by the vortex action 
"before the slab reaches its maximum deflection (par. 3-08d). 

Ihe design load as idealized from the computed 
loading shown by figure 7. 70 is defined by: 

B = 10 psi = -- ^y 18 = 25.9 kips 


T = O.38 sec 

13 • Dynamic Design Factors. (Refer to table 6.1.) 
Elastic range: 

Kj. = 0.53, 



12Mp 


lm 


*x - o-* 11 - 

384EI 


Km = °* 77 


k i = 


v = 0.36R + o.i4p 

n n 


Elasto-plastic range: 


K l = 0.64, 



V = 0.39R n + 0.1IP 


= °-5°> 

= 384ei 
' ep ‘ 5L 3 


Average values: 

= 0.5(0.53 + 0.64) = 0.58 
= 0.5(0.41 + 0.50) = 0.455 
Km = 0.5(0.77 + 0.78) = 0.77 
22Mp 

R = — = — (fictitious maximum resistance) 
ml JLi 


^ = °’ 78 
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kg = 5- "elastic" effective spring constant 


c. First Trial - Actual Properties. 

Assume D.L.F. =2.0 (experience) 

= D.L.F. (B) = 2.0(25.9) = 51.8 kips (par. 6-11) 
Assume p = 0.015 


“p-^ay 1 


R 


~ 1.7f| c ^ ( eq 4 ‘ l8 ) 

= 0.015(52)(l)d 2 [l - = 0.688d 2 kip-ft (d in inches) 

22M P (22)0. 688d 2 „ o . . 

“L“ = — iB = 51-8, •* d = 7.85 in. 


mf " L 

Try h = 9-1/2 in., d = 8-1/4 in., p = 0.015, np = 0.15 

Mp = 0.688d 2 = 0.688(8. 25 ) 2 =46.9 kip-ft 
H 22M P 22(46.9) n . . 

R mf ~ ~L~ = 1H = 57,3 ki P s 

I g = Lh 3 /l2 = (9-5) 3 = 857 in. 4 

It - “ 3 [t + ^ - *0 2 ] - 12 (a) 3 \ss^£ + 0 . 15(1 - o.te) 2 ] 

'= 0.905d 3 = 0.905(8.25)3 = 508 in. 4 
X a = °* 5(l g + I t ) = °* 5(857 + 508) = 682 in. 4 

*3 - > ^^682 , m kips/ft 

Weight .[ ?' 5 d5°? .6.0] 3^5 . 2.25 kips 

Mass m = =0.07 kip-sec 2 /ft 

First Trial “Equivalent Properties « 

T n = = 6 * 23 >/ 0-77(0. 07 )/644= 0.0576 sec 

e * First Trial - Available Resistance vs Required Resistance. 
C T = T/T n = 0.38/0.057 6 =6.6 
D.L.F. = I.92 (fig. 5.20) 
t m /T =0.08 (fig. 5.20) 
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\ ~ °«°8(0.38) = 0.0304 sec 

Required R^ = D.L.F.(b) = 1.92(25.9) = 49.8 kips < 57-3 kips 
The required R^ < available R^, therefore the selected proportions 
a^e satisfactory as a preliminary design. 

^ehiminary Design for Bond Stress. 

At ^ = °-°304, P = = 23.8 kips (fig. 7.70) 

V = 0.39R m + 0.11P = 0.39(57.3) + 0.11(23.8) = 22.4 + 2.62 = 25.02 kips 

Allowable u = 0.15f^ = 0.15(3000) = 450 psi (par. 4-09) 

Zo = JL _ 8(25.020) 

hjd 450(7) (8. 25) “ 7 * 7 in * 

Try #6 at 3-l/2 in., A g « I.51 in. 2 , Zo = 8.1 in., h = 9.5 in., 

1.51 


d - 8 * 37 ' P - bf " 2 2W-h) = °* 0151 ^ 

np = 10(0.0151) = 0.151 


7 




No. 6 


1 8.37*| 

r j 

[9.5* 

i ZD 

a j 


S • Determination of Maximum Deflection and Dynamic Reactions by 
Numerical Integration. 


“p ’ pf dy 


bd 


(1 - - °-0153(52)(l)(8.37 ) 2 [1 - 


= 49.0 kip-ft (ea 4.l6) 

I g = hh 3 /l 2 = ( 9. 5 ) 3 = 857 in . 4 
2~2 

n p + 2 np - np = 0.42 


= td - 3 [ 3 - + np(l - k) 2 ] = C.9C5d 3 = 0.905(8. 37 ) 3 = 530 in . 1 


I a = 5(1 + I t ) = 0 . 5(857 + 53c) = 693 in. 


a 

Weight 


- HP 1 * «■<>] 


18 

1000 

2 


= 2.25 kips 


2 25 2 
Mass m = - = 0.07 kip-sec /ft 


Elastic range: 

12Mp 


Im 


weight = 12 ^ 9 ^ - 2.25 = 32.6 - 2.25 = 30.3 kips 
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7-49g 


. 381*1 _ .3 84(3 )(10)%33 _ 

1 1? (18)3(144) 95 ^ Pa/ft 


y e - 


1m 30.3 

■kT = hr = °* 0319 ft 


R 


m 


Elasto -plastic range: 

lgM P . 16(49) , 

= _ - weight = _ 2.25 = 43.5 _ 2>25 = klmQ k . ps 

384EI 1 , 950 

- 5 k i = ~ 5 ~ = 190 kips/ft 

R - R., 


1?r* 

/3Ll_)__ R in>;5°: 3 

| *<| * 950 kips/ft 
■ ' I k E * 760 kips/ft 
| I k ep s I 90 kips /ft 

I I y# = 0.0319 ft 
ye = 0.054 ft 
I k yep* 0,089 ft 


k = 
ep 5L 3 


ep 


y e + 


m 


1,11 = 0.0319 + — •- 2 ~ 30. 3 


ep 


190 


y e y E y ep'Moximum Deflection 
Deflection, y (ft) 

Figure 7.76. Resistance 
function for 9-1/2-in. 
slab spanning 18 ft 


= 0.0319 + 0.057 = 0.089 ft 

*£ = -^p = 760 kips/ft 
Xj 

IlI p 

y E - - 755- - 0 -054 ft 


T n ~ 2jt V K IM m / k E “ 8.28-^/0.77(0.07 )/76o = 0.053 sec 
The basic equation for the numerical integration in table 7.29 is 
y n + 1 = y n^ At ^ + “ y n - 1 ( table 5*3) where 


Table 7.29. Determination of Maximum Deflection and Dynamic Reactions for Roof Slab 


t 

(sec) 

P n 

(kips) 

R n 

(kips) 

P -R 
n n 

(kips) 

y n (At) 2 

(ft) 

y n 

(ft) 

? 

n 

(kips) 

0 

0.005 

0.010 

0.015 

0.020 

0.025 

0.030 

0.035 

O.QliO 

0.045 

0.050 

25.9 
25.6 
25.2 

24.9 

24.5 
24.2 

23.9 

23.5 
23.2 
22.8 

22.5 

0 

5.7 

20.1 

31.6 

34.4 

36.3 
37-1 
35.7 

28.3 

12.9 

19.9 

5.1 

-6.7 

-9.9 

-12.1 

-13.2 

-12.2 

0.0060 

0.0092 

0.0024 

-0.0031 

-0.0045 

-0.0055 

-0.0060 

-0.0057 

0 

0.0060 

0.0212 

0.0388 

0.0533 

0.0633 

0.0678 

0.0663 

0.0591 

3.6 

5.6 
10.8 

15.1 

16.1 
16.8 

17.1 

16.1 
13.6 
H.4 
11.2 




7-491i 

? n (At) 2 

y n (At) 2 

y n (At) 2 


(r n - B n )(At ) 2 

(P n ‘ R n )(°- 0 ° 5) 2 

0.77(0.07 ) 

(P n " R n )(°-°° 5) 2 
0.78(0.07} 


The time interval At = 0.005 sec i 

(par. 5-08). The dynamic reaction equat 

' Pl * le R n va -^' ues for "tl 16 second column are 

3? lying by l44-(l8)/l000 = 2-59- 

The maximum deflection com 

*wiiich. is less than the allowable y of 0 

m 

h. Shear Strength and Bond Stress, 

V 85 17-0 kips ( tQ:ble 7.29) 

For no shear reinforcement 

Allowable v^ = 0.04f^ 4- 5000p (eq 4.24) 

v = 0.04(3000) + 5000(0.0151) = 120 + 76 = 196 psi 

~ 193 psi; ok 

ho shear reinforcement required 
8V 


u = 


7Zod 


- « ■ 


Allowable u = 0.15f( = 0.15(3000) = 450 psi; OK 


i. Summary. 

9-l/2-in. slab 
p = 0.0151 
Lo = 8.1 in. 

No shear reinforcement required 

T-50 HIEIJKIMEY DESIGN OF COLUMN. A single-story frame subject to lateral 
load behaves essentially as a single-degree-of -freedom system. In determin- 
ing the requirement for the columns which are the springs of the system it 
Is not necessary to use the equivalent system technique otherwise used in 
-bhis manual for designing structural elements. 
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7-50a 


=±: — - — F F Combining the principles 

~”rp 1 (1 1 I 1 '~QP*" rv of Paragraph 6-11 and the equa- 

j 13.75' j ii.83‘ | j tions from paragraph 7-06 re- 

j : , ; suits in a procedure for ore- 

f ] r 1 TT777T 

|~ is' I is 1 j liminary design. In this pre- 

liminary design the girders are 
assumed to be infinitely rigid to simplify the ana lysis. 

The column height from the girder centerline to the top of the foot- 
ing is 13.75 ft. This dimension is used to determine the spring constant. 
The maximum resistance computation is based on the clear column height 
11.83 ft. ' 

a * — S ' lgn LDadlng - In the Preliminary design it is an unnecessary 
refinement to use the dynamic reactions from the wall slabs. The design 
load is idealized from the net lateral overpressure curve. The height of 
vail considered to load the frame is equal to half the clear height of the 
’wall plus the thickness of the roof slab 

+ 0.79 = 8.16 ft 


The design load as idealized from the computed 
loading shown by figure 7.73 is defined by: 

B = 25.3 psl . gj ' 3(l ^ 8 < 8 - l6 > = 537 kips 

T = 0.06l sec 
b. Mass Computation. 


8*537 kips 



T* 0.061 sec 


Time (sec) 


Roof slab + 6.0 = i22 kips 

Girder (assumed) ~ = 30 kips 
4 columns (assumed) = 26 . 6 kips 

2 wall slabs - 83-0 kips 

Mass of single-degree-of -freedom system = total roof slab + total 

girder + ^ columns + walls = .4^ + 30 + 0.33(26.6 -f 83-0) 

— o— . . p / 8 32.2 

= 5*85 kip-sec^/ft 


r 
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) 


C * - lrst jfr ial ~ Actual Propertl 
Assume D.L.F. = 1.2 (experience) 
R m = d *L.F.(b) = 1.2(537) = 645 k 
Required ^ = R m h/2 n = 645(11.83), 
Estimated average roof pressure = 


Average blast load per column = — 


Dead load per column = ^ ( 122 + 3C 
Average column design load = = 

* = W + P ” (°’ 5t ' ^ 

Let p = p* = 0.015, d* = (t - 7.5 
A g = pbt 

Substituting into previous equal 
955(12) = 0. 015(18 )t( 52 )(t - 7 - 5 ) -1 

p 

l 4 . 0 t + 25. Ot - 12,037 = 0 , solving t = 28.4 in. 

Try section 18 in. by 28 in., d = 28 - 3.75 = 24.25 in. 
Assume d"/d = 3-75/24.25 = O. 155 , 
m = np + (n - l)p' = 0.15 + 9 ( 0 . 015 ) = 0.285 
q = np + (n - l)p' d"/d = 0.15 + 9 ( 0 . 015 ) 0.155 = 0.171 
k = 0.37 (table 11 RODE of ACl) 


I = 


bt~ 

12 


18 ( 28 )^ 

12 


= 32,900 in. 


I t = bd3 [ 3 - + (n - l)p' {k 2 - 2 k(d"/d) + (d"/d) 2 j- + np(i - k) 2 

= 18(24. 25 ) 3 [[(0.37) 3 /3]+ 9(0.015) {(c.37) 2 - 2(0.37)(0.155) + 
(0.155 ) 2 [ + 0.15(1 - 0.37)3= 258,000 [0. 0169 + 0.135(0.137 - 
0.115 + 0.024) + 0.0595] = 258,000(0.0826) = 21,300 in. k 
I a = °* 5 ^ I g + = °* 5(32, 900 + 21,300) = 27, 100 in.^ 

cU First Trial - Determination of D.L.F. 
k . , 12(3)163(27,100)4 , k /ft { J 

h 3 ( 13 . 75 ) 3 144 
x e = R m /k = 645/] 0,450 = 0.062 ft 
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sec 


7-50e 


T n = 2n^m/k = 6.28 ^5-85/10,450 = 0.148 
T/T n = 0.06l/0.l48 = 0.4l 


D.L.F. = 1.06, t^T = 0.94. (fig. 5.20) 

■t m = 0.94(0.061) = 0.0575 sec 

Hie original idealized load-time curve should be revised to obtain a 
closer approximation to the total impulse up to time t ffi . The impulse up to 
t = 0.060 sec in figure 7.73 is 

H = O.898 psi-sec (obtained by graphical integration) 

T = 2H/B = 2(0.898 )/25.3 = 0.071 sec 

T/T n = 0.071/0.148 = 0.48 

D.L.F. = 1.15, t m /T = O.85 (fig. 5.20) 

The revised idealized load is satisfactory because t = 0.85(0.071) 

= 0.060 sec 

Required moment = ^ ~ (l g^j 11,83 = 915 kip-ft 


Required moment is less than available moment. Let us investigate 
possible reduction in size. 

e * Second (Trial - Actual Properties. 


”d = Vdy d ' + P D - t: 


D (o-St - 1^) 4.32) 


(915)12 = 0.015(18 )t(52)(t - 7.5) + 262 |o.5t - ^ - j 

l4.0t + 25. Ot - 11,547 = 0, solving t = 27.8 in. 

The first trial proportions are satis- 
factory. An actual column section is se- 
lected to establish the column plastic bend- 
ing moment for use in the girder design that 
follows in paragraph 7-51. 


d" = 3.687, d = 24.32, d* = 20.63 

8 A = A ' =8.0 in. P 
s s 

p = p' = 8.0/18(28) = 0.0159 
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^ ‘ 8 *°<52X20.63) + 262 [14 - - L7 ^g )3-9 ] (.1 4.32) 

= 8600 + 3070 a 11,670 klp-in. = 970 kip-ft 

Hie previously computed value of I will be satisfactory for the 
computation in paragraph 7-5l. 

^ ^ OIRDER. The design of the girder in this example is 

performed in the same manner as the girder in paragraph 7-43 since both 
S ders are designed for elastic action. Reference should be made to para- 
graph 7-11 f or a detailed discussion of the design of roof girders. 

Hie front girder span is 
critical. Previous considers- c=£> 
tion of the variation of local 
roof overpressure with location 
along the span from front to 
(back of the building has shown 
(that for the front girder the 
incident overpressure may be used as the local roof overpressure because 
the ma x i mu m response of the girder generally occurs before the vortex ac- 
tion has an opportunity to cause the local roof loading to vary strongly 
from the incident overpressure. Ms can be seen from a comparison of the 
times for maximum displacement of the girders in tables 7.9, 7.21, and 7.2 6 
with the local overpressure data in paragrn.-nb v_93. 

A fixed-pinned tee beam is consider eu. 
graph 6-20 and table 6.4 for design constants. 

a. load Determination. The girder loading is obtained 
7.77 from the numerical integration for the roof slab (par. 7 - 49 d, table 
7 . 29 ). 

After t = 0.045 sec the load on the girder from the slab is assumed 
to he equal to one-half the load on the slab. The time required for the 
shock front to traverse the girder is considered in establishing the load- 
-fcime curve by plotting the dynamic slab reactions at the ends of the girder 
nnH averaging over the span. The time required for the shock wave to travel 
the length of the girder is 

‘lag * TO3 ' °-° llk Se ° 
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7-511o 

!> 

idealized load-time curve imp 

side is indicated by the dashed lin 

B 7*77* The design load on the gird 
fined by 

R - 2 (l 6 . 0 ) =: 32.0 kips/ft 
■^r = ^.025 sec 

"b * Elastic Range Dynamic Design F 
^ = °-58, = 0.45 

k = f 3 El/L 3 (fig. 6.29) 

R m * f i M F S ^ L (fig * 6 - 2 7) 

Vs = r 2 M n (fig - 6 * 28 ^ M n = H l L / j 
V 1 = 0 . 26 R + 0.12P 

V 2 = 0.43R + O. 19 P 

c . Mass Computation. 

Slab and roofing = pi 5 g 50 ) + g, 0 J = 40.5 kips 

Girder (estimate) = = 10.8 kips 

Total mass = - °'^ g 1C - 5 = 1.59 kip-sec 2 /ft 

d. First Trial - Actual Properties. 

Estimate tee beam action for first trial, f 1 - 9 , f^ = O. 67 , = 240 

Assume D.L.F.(B) = 1.05 (experience) 

R m = D.L.F.(B) = 1.05(32.0)16 = 54C kips 

Moment in girder at interior support (fixed support) due to static 

loads 

M = % - Y °- 8)l6 ’ 103 klp-ft 


Moment in girder at midspan due to static loads 


M = 


9WL _ 9 ( 51 . 3)16 
125 _ 1.28 


58 kip-ft 
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7- 51d 


Support moment from col umn 
2 2 

3 Mp = 3 (970) = 646 kip-ft (par. 7-11 and 7-50) 

Midspan moment from column = 0 

Support moment required for vertical blast loads 

M = = 960 kip-ft 

Midspan moment due to vertical blast loads 
M pos = f 2 M n = °* 6 7(96 o) = 64o kip-ft 

Total support moment = 960 + 646 + 103 = 1709 kip-ft 
Total midspan moment = 640 + 0 + 58 = 698 kip-ft 

Ratio of midspan tension reinforcing to interior support reinforcing 
steel = 698/1709 = 0.4l 

M P = ' 0-°W(52)bd 2 [l - 

M p = 0.688bd 2 = 1709(12) = 20,500 kip-in. 

Try b = 20 in. ' 

d = yj 20, 500/13. 76 = 38.6 in. 

Try a = 38.5, h = 42 in. 

Rectangular section at the support 

I g = 20(42 ) 3 /l2 = 123,500 in.* 4 

np = 10(l2)/20(38.5) = 0.156 
np' = 10(6)/20(38.5) = 0.078 
m = np + (n - l)p' = O.156 (0.078) = 0.226 

q = np + (n - l)p' = 0.156 + ^ (0.078) |^| = 0.160 
k = O.39 (table 11, RCDH of ACl) 

ka = 0.39(38.5) = 15.0 in. 

3 

I t = ~ ^ + 12(10)(23.5) 2 + 9(6)(12.75) 2 

= 22,500 + 66, 400 + 8,800 = 97,700 in. 14, 

= (7g + Xj.)0.5 = 110,600 in.^ 4 
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Tee section at midspan 

Tension reinforcement at midspan = 0 


-96(9. 5) 2 . 20(32. 5 ) 2 
- 2 + 2 -4330 +_ 

7 ~ 96(9.5) + 20(32.5) 911 + 1 

I g = + 20(32- 5g . 15 6 i(4.o 

= 231,400 in. 1 * 

np = 10(5 )/39* 13(96) = 0.0133 

np* = 10(3 )/39- 13(96) = 0.0030 

m = np + (n - l)p| = 0.0133 + ^ (0-C 

cl = np + (n - l)p' = 0.0133 + ^5 ( 

k = 0.145 (table 11, RCDH of ACl) 
kd = 0.145(39-75) =5-76 in. 

X = 96(5-76 ) 3 + 9 (i ;)( 5 . 7 6 - 2.25) 2 + 10(8)(39-12 - 5-76 )“ 

t 3 4 

I = 6150 + 443 + 89,000 = 95,600 in. 

"b 

4 

I 2 = 0.5(l g + I t ) = 163,500 in. 

I,/lg = 110,600/163,500 = 0.68 


f 1 = 9.0 (fig. 6.27) 
fg = 0.68 (fig. 6. 23) 
f 3 = 246 (fig. 6 . 29 ) 

e. First Trial - Determination, of D.L.F. 


k l " 


f l EI l 


246 ( 3 )(l 0 ) 3 (ixC,cGC) _ CCC kins/fi 
(i6) 3 l44 


T n = 2 « N (K nvf m/k i = 6.23^0.73(1. 59 )/l3B,C0C = 0.01=9 sec 

T /T = 0.025/0.0189 = 1.325 
r n 

D.L.F. = 1.2 (fig. 5-21) 


t /T « 1.25 (fig- 5-21); OK (see fig. 7-77) 
m 7 r 

Required R = 1.2(32. 0)(l6 ) = 615 kips 
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7-5lf 


At the interior support section 


f 


Ilf 1 


0.0156(52' 

"l- 7(3.9) 


= 1760 kip-ft 


The moment available at the support to resist the effects of vertical 
blast loads is 

M = 1760 - 646 - 103 = 1011 kip-ft 

The available resistance is then 
R m = f x M/L = 9.0(l01l)/l6 = 569.O kips 
This girder is inadequate, 569 < 615 

Increase reinforcing at support to 13 bars and continue with same 
girder. The moments of inertia will not change appreciably (par. 7-43). 
f • Preliminary Design for Bond Stress. 


Estimated = 0.62R m = 0.62(615) = 381 kips 

Allowable u = 0.15f( = 0.15(3000) = 450 psi (par. 4-09) 
1 8(381,000) _ oc „ _ 


» J-' \ J J nr r\ • 

ujd ” 450(7)(38.5) “ 25,0 ln * 

13 #9 bars in two rows, A =13 in.' 

s 


DO = 46.0 in., p as = 


0.0169 


Determination of* Maximum Deflection and Dynamic Reactions by 
_ j-.Q&l Integrat ion . Since the trial size is to be used for the numerical 
integration vlth only minor modification, reference is made to the previous 
computations for pertinent data. 

Revised _ 20(32. 5)16(150) ir . Q . . , . , 

girder veight 12(l2 )1000 10. o kips (same as estimate) 


R|m*650 


k| s 1 38.000 kips/ft 
y e = 0.0047 ft 

Maximum Deflection 


y* P 

Deflection, y (ft) 

Figure 7.78. Resistance 
function for girder 
spanning 16 ft 


Total mass = I.59 kip-sec 2 /ft 
M = 1760 — - 646 - 103 = 1156 kip-ft 

T, f l M 9.0(1156) ^ , . 

R m = — = 16 = 650 kl ? s 

k^ = 138,000 kips/ft 


k x 138,000 


0.0047 ft 


* 



7-51g 


EM 1110-345-417 
15 Jan 58 

able 7.30. Determination of Maximum Deflection and Dynamic Reactions for Girder 


t 

P 

n 

R 

n 

P_-R n 

n n 

y n («) 2 

7a 

V 2n 

k I 

( sec ) . 

(kips) 

(kips) 

(kips) 

(ft) 

(ft) 

(kips) 

(kips) 

0 

0 

0 

3 

0.000010 

0 



0.002 

19 

1 

18 

O.OOOQ58 

0.000010 



0.004 

5l 

11 

4o 

0.000129 

0.000078 



0.006 

90 

38 

52 

0.00016? 

0.000275 



0.008 

I4l 

88 

53 

0.000171 

O.OOO639 



0.010 

202 

162 

4o 

0.000129 

0.001174 



0.012 

262 

254 

8 

0.000026 

0.001838 



0.01U 

301 

349 

-48 

-0.000155 

0.002526 



0.016 

333 

423 

-90 

-0.000290 

0.003063 



0.018 

365 

456 

-91 

-0.000293 

0.003308 



0.020 

403 

450 

-47 

-0.000151 

0.003260 



0.022 

454 

422 

32 

0.000103 

0.003061 



3.024 

486 

409 

77 

0.000248 

0. 002965 



0.026 

506 

430 

76 

0.000245 

0.003117 



0.028 

518 

485 

33 

0.000106 

0.003514 



0.030 

525 

554 ; 

-29 

-0.000093 

0.004017 



0.032 

528 

611 

-83 

-0.000267 

0.004427 



0.034 

525 

631 

-106 

-0.000341 

0.004570 

371 

227 

0.036 

518 

603 

-85 

-0.000274 

0.004372 



0.038 

506 

. 



0.003900 




The basic equation for the numerical integration in table 7. 30 is 

y n + 1 - * 2y n - y n . x (t*>ie 5.3) 

2 (P n " R n )(At)2 (P n ' R r )( 0 * 002 ) 2 6 

3^ " q~^y 39] = 3 -22 ( !0" 6)(p Ti - R„) ft 




n # 


In table 7*30 the time interval At = 0.002 sec is approximately 

m /io = O.OOI 89 sec (par. 5-08) . The dynamic reaction equations are listed 
rr 
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m paragraph 7-51h. Hie P q values for the second column are obtained from 
figure 7.77 multiplying by 2(1 6) - 32 to account for the l6-ft-span length 
of the girder and the two slabs loading the girder. Hie (y ) value 
= 0.0044 ft * y e . Hie design is satisfactory for this cons Motion. 

h * — ear and Eor ^ d strength. For interior support end of girder 
(fixed end of idealized girder) 

V max = 371 kips (table 7.30) 

For no shear reinforcement allowable v = 0.04f^ + 5000p (eq 4.24) 

V y = 0.04(3000) + 5000(0.0156) = 120 + 78 . 198 C psi 

„ _ M . 8( 371,000) . 

7bd - 7(20)38.55 = 550 psi 

Shear reinforcement required for 550 - 198 = 352 psi 

Contribution of shear reinforcement to allowable shear stress = rf 
352 y 

r = 407000 = °- 0088 

Try 4 #4 bars, A = 0.80 in. 2 
A s 

r = bs = ~ 20s = °*0088; s =4.55 in., try s = 4 in. 

For exterior support end of girder (pinned end of idealized girder) 
V max = 227 kips ( table 7.30) 

v y = 0.04(3000) + 5000(0.00133) = 120 + 6.6 = 127 psi 

8v 8(227.000) . 

7bd 7(20)39.75 “ 328 psi 

Shear reinforcement required for 326 - 127 = 199 psi 

r = 4'0, 000 = °* ook 98 

Try 4 #4 bars, A o = 0.80 in. 2 

„ _ A s 0.80 . . 

bs ~ 20(s) ~ 0.00498; .. s = 8.0 in. try s = 8 in. 

u = 8v _ 8(371,000) 

7 Sod 7(45.0)38.55 “ 238 psi 

Allowable u = 0.15^ = 0.15(3000) = 450 psi; OK 
i« Summary. 

20-in. by 42-in. tee beam 
Maximum tension reinforcement = 13 fy bars 
P = O.OI56 
£0 = 46 in. 
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Effective Section at B-B 


Shear reinforcement at interior end of girder, 4 #4 at 4 in. 

Shear reinforcement at exterior end of girder, 4 #4 at 8 in 
7-52 ais colunm design for elast±c beimv . or ^ 

steps 7 " 50 ‘ CalCU ^ ti0nS Vhlch follov illustrate the 

steps which are needed to determine the adequacy of the preliminary design 

£ ™ ~° n is a wicai ^ - ~r 

' r atl ° n ° f ““ :ateral the top of the COW. 

in „ d ! SrelIM “ iry desi8n lteai “ d ^ and resistances are nsed 
n ow to si^lify the coitions. m the final design, heaven, these 

idealises are no longer nsed. This resnlts in consideration of the 
oving factors which have been neglected: ( 1 ) the variation of plastic 
inse moment with direct stress, ( 2 ) the variation of column resistance 
vi lateral deflection, ( 3 ) the effect of girder flexibility on the stiff- 
ness of the frame, and (k) the difference between the two design leads; one 
determined from the product of the front face overpressure and the wall 
area and the other determined from the wall slab dynamic reactions, 
a. Mass Computation. 

Roof slab = 122 kips (par. 7-50b) 

Girder stem = = 37-3 hips 

“ - - *.« -ps 

Walls = 83.0 kips (par. 7-50b) 
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7-5213 


Mass of single-degree-of-freedom system = total roof slab + 

total girder + r? (columns + vails) = ~^ 22 + 37«3 + 0» 33(24.6 + 83.0) 

3 3272 

=6.05 kip-sec 2 /ft 

c o lump Properties. (See par. 7-50e.) 
b = 18 in., t = 28 in., d = 24.32 in., d 1 = 20.63 in. 

d" = 3.687 in., A = A ’ = 8.0 in. 2 , 


2 ... . 8 


P = p' = 


M_ = A f , d* + P 
D s dy r j) 


f‘ 5t “ ~7bf^ c ) ( eq - 4 ‘32) 

_ 8.0(52)20,63 , P D [> P D 1 

12 + 12 L 14 ‘ T7 7(i8)3.9 J 

Mp = 716 + l.l6P D - 0.0007E^ 2 


18(24.32) “ °*°183 


_ C ‘ ^ ct of Girder flexibility. Consideration of the relative 
flexibility of the girders and columns generally results in a value of the 
frame elastic spring constant k vhich is less than the value obtained for 
the .assumption of infinitely stiff girders (par. 7-08) in the preliminary 
esign. To obtain this revised value a simple sidesvay analysis of the 
frame is made. From the sidesvay analysis, k is the magnitude of the 
lateral load required to cause unit displacement. 

545 kips 


|0 164 


1 [0. 090 1 ^ - L L 


-856 


£ =2000 


-928 
~7w f)m 


10.090! 


777777m 

3 ot 16' -- 48' - 0" 


777T77T7T 


0.1 64] 


-953 

-953 

-856 

“ = 2000 

{- = 2000 

£-=2000 

-976 

-976 

-928 


777177777 


Figure 7. 79. Sidesway analysis by moment distribution 

The elastic sidesvay analysis (the results of vhich are shovn in 

figure 7.79) is performed for initial column moments of 1000 kip-ft at top 

and bottom of each column. This is equivalent to a lateral displacement of 
the top of the column. 
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) 


x = )h 2 1000(13. 62 ) 2 l44 . 

See - 77 " 3, — — : = °« 

6(3)10^(27, 250) 

From figure 7.79 

B = = 2(856 + 928 + 953 + 976) _ . 

h I 3 T 62 “ 5 

. _ R 545 . 

K ~ x = 0.0545 = 10 >°00 kips/ft 

loading. The column of the ntn 
(table 7 . 31 ) i s obtained from figure 7 . 80 . 

Table 7.31. Determination of Cc 


t. 

’sec) 

P 

n 

(kips) 

(P ) 
av'n 

(kips) 

( Vn 

(kip- ft) 

(R )_ 

m n 

(kips) 

F n 

(kips) 

R 

(kLi 




O 

159 

1*0 

761 

517 

200 

0 




>.01 

1*67 

117 

81*3 

5 73 

h 75 

16. 




'.02 

775 

191* 

915 

622 

1*75 

108./ 

^ 



-03 

1083 

271 

979 

666 

275 

261.3 

13.7 

U.uWkij 

U.UkOJL3 

-Oii 

1358 

31*0 

1029 

699 

230 

1*16.2 

- 186.2 

-0.00307 

0.clll62 

.05 

1308 

327 

1020 

691 * 

185 

51*o.i* 

- 355 . 1 * 

-0.00586 

0.051*01* 

-06 

1259 

315 

1012 

689 

llili 

606.0 

-1*62.0 

-0.00762 

0.06060* 

1 .O 7 









0 . 05951 * 


(x ) 
x rr max 


0 . 06 l ft 


is based on the V-^ dynamic reaction column of the vail slab analysis 
(table 7-28). The dynamic reactions for a one-foot width of vail are 
multiplied by 18 , the width of one frame bay. ohe portion of the curve 
after t = 0 . 025 " sec is based on the net lateral overpressure curve (fig. 
-7*73). Here the values of F n are obtained from P ^ in psi by using 


_ ^(j- 8 ) 8 — P = 21. 2P kips 
n 1000 net net 


The dimension 8.l6 is equal to one-half the front vail clear span plus the 
roof slab thickness ^ + 0.79 = 8.16 ft. 
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EM mn oi.r- 


I 


the average axial column loads and are obtained 

load by the number of columns, 4. The 

m the formula of paragraph 7- 52b to obtain 

° f *Vn 18 used in turn to obtain the maxim 
the relation 

C* B ) n - | ( Vn ■ - 0.68( V 

R n is e<lual to kx = 10, OOQx in the el 
ii n 

Hie basic equation for the numerical in 
7*31 is 


n + 1 ~ X n ( At ) + 2x - x 


n 


(table 


vber e 


x(At) 2 = ,.^2 (F ~ ~ 


m 


O V* ' — JL\ J 

^ - - J kor- < 


The time interval At = 0.01 sec used in 
natural period, , 6.28-^5/10,000 . u.i W sec 

At = 0.01 < T^/lO = 0.01545 sec (jar. 5-08) 

In table 7-31 the design is elastic because R < (R ) i P 

606 < 689. n m n ’ ’ 


f • Shear and Bond Stress. 

606 

mp^ x ~ i+ 151*5 kips (table 7 * 3 l) 

For no shear reinforcement. 

Allowable v y = 0.04f( + 50Q0p (eq 4.24) 

v y = 0.04(3000) + 5000(0.0183) = 120 + 90 = 210 psi 

8V 8(151,500) 

7bd - 7(18) (24. 32) = 395 5si 

Shear reinforcement required for 395 - 210 = 185 psi 
3 #3 column ties, k = 6 ( 0 . 11 ) = 0.66 in . 2 

r = 4o,ooo = °* 001 ^ 2 

r = bf = °- 0cA62 = left) i s = 7. 95 in., use s = 8 in. 
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DESIGN DETAIIS 


7-53 STRUCTURAL STEEL DETAILS . To illustrate the type of design details 
that might he necessary, typical details for purlin to girder, girder to 
column, and column to foundation connections are presented. 

Purlin to Girder Connection. The heavy end reactions and moments 
make necessary both seat angles and web plates. The web plates stiffen 


the purlin web near the connection where the longitudinal stiffeners must 



Middle Column 


Purlin to Girder Connection 
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be Cut * 1116 stiffeners on the girders are 
Id down by a steel spiral looped around 
purlin flange. 

.Girder t o Column Connection. T he 
reaches a large value in the region betw 
ing column web reinforcing plates. 


I 



Column to Foundation Connection. The base plate is shipped attached 
-bo "the column to make possible a simple connection with reliable and easily 

inspected shop welds. 
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the outer column are shovn butt- 
welded although dowels may be 
used. Dowels are shown else- 
where. The girder stirrups are 
bent to act as ties for bars in 
compression. 

Wall and Roof Slab Section. 
corner dowels are placed to 
minimize any tendency to tear 
out of the concrete due to either 
inward or outward pressure. 

Shear reinforcement is arranged 
in a staggered pattern across 
the face of the wall. 


' Corner Dowels No. 8 < 


Constr. Jt. 


No. 8 at 10 
No. 8 at 10' 

No. 4 at 12 

5'-0 


No. 7 at 12" 
No. 3 ot 12" 



-4 No.3 Stirrups ot 12" 

At IO"Along Wall 
Alternating with 
3 No. 3 Stir, at 12” 

At IO"Along Wall 

Stagger Adj. Groups asShown 

— JL 

t Constr. Jt. 

No. 8 at 5"Dowels 

* Note: Wall Steel to hove 4"cover Inside 
2"Cover Outside 
Foundation Steel Not Shown 
Roof Slab Shown at Midspan 

Wall and Roof Slab Section 


* U. s. government printing 
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